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© Antisense gene systems of pollination control for hybrid seed production. 



© A process is described for producing hybrid seed using male-sterile plants created by employing molecular 
techniques to manipulate antisense DNA and other genes that are capable of controlling the production of fertile 
pollen in plants. Transformation techniques are used to introduce constructs containing antisense DNA and other 
genes- into plants-Said-plants- are-functionally male-sterile and are usefuhfor-the-production-of hybrid^seed by 
the crossing of said male-sterile plants with pollen from male-fertile plants. Hybrid seed production is simplified 
and improved by this invention and can be extended to plant crop species for which commercially acceptable 
hybrid seed production methods are not currently available. 
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ANT1SENSE GENE SYSTEMS OF POLLINATION CONTROL FOR HYBRID SEED PRODUCTION 

' The present invention relates to a method for producing male sterile plants and hybrid seed to genetic 
material used to impart the male sterility trait and to new products produced by said method, namely 
genetically transformed plants carrying the male sterile trait, male sterile plants and hybnd seed produced 
by pollinating said plants with pollen from male fertile plants. • . 

Production of hybrid seed for commercial sale is a large industry. Hybrid plants grown from hybnd seed 
benefit from the heterotic effects of crossing two genetically distinct breeding lines. -The agronom.c 
TrerfwrnWce-o™ 

performance of hybrid seed varieties compared to open-pollinated varieties makes the hybrid seed more 
attractive for farmers to plant and thereby commands a premium price in the market place. 

ln : order- to -produce hybrid--seed.uncontaminated_with.selled_ seed, pollination confrol methods must be. 
implemented to ensure cross-pollination and not self-pollination.. Pollination control mechan.sms can be 
mechanical, chemical, or genetic. . . 

A simple mechanical method for hybrid seed production can be used .f the plant spec.es in question 
has spatially separate male and female flowers or separate male and female plants. The corn plant, for 
example, has pollen producing male flowers in an inflorescence at the apex of the plant and female lowers 
in the axils of leaves along the stem. Outcrossing is assured by mechanically detasselling female plants to 

^MostmSbr crop plants of interest, however, have both functional male and female organs within the 
same flower so emasculation is not a simple procedure. It is possible to remove by hand the pollen forming ■ 
oroans before pollen shed, however this form of hybrid seed production is extremely labour intensive and 
hence expensive. Seed is produced in this manner if the value and amount of seed recovered warrants the 

A second general method of producing hybrid seed is to use chemicals that kill or block viable pollen 
formation. These chemicals, termed gametocides, are used to impart a transitory male-sterility. Commerc.al 
production of hybrid seed by use of gametocides is limited by the expense and availability, of the chemicals 
and the reliability and length of action of the applications. These chemicals are not effective for crops, with 
an extended flowering period because new flowers will be produced that will not be affected. Repeated 
application of chemicals is impractical because of costs. iu , , 

Many current commercial hybrid seed production systems for field crops rely on a genetic method of 
pollination control: Plants that are used as females either fail to make pollen, fail to shed pollen or produce 
oollen that is biochemically unable to effect self-fertilization. Plants that are unable (by several different 
means) to self pollinate biochemically are termed self-incompatible. Difficulties associated with the use of 
self-incompatibilities are:" availability and propagation of the self-incompatible female line and stability of the 
seif-incornpatibility. In some instances self-incompatibility can be overcome chemically or immature buds 
can be pollinated by hand before the biochemical mechanism that blocks pollen is activated. Self- 
incompatible systems that can be deactivated are often very vulnerable to stressful climatic condihons that 
break or reduce the effectiveness of the biochemical block to self-pollination. 

Of more widespread interest for commercial seed production are systems of pollen control based on 
genetic ^ mechariisms-causing male-sterilityrThese systems are-of two-general-types:-(a) gen.c. male, sterility., 
which is the failure of pollen formation because of one or more nuclear genes or (b) cytoplasm.c-genetic 
male sterility (commonly called cytoplasmic male sterility or CMS) in which pollen formation is blocked or. 
aborted because of a defect in a cytoplasmic organelle (mitochondrion). 

Nuclear (genie) sterility can be either dominant or recessive. A dominant sterility can only be used for 
hybrid seed formation if propagation of the . female line is possible (for example, via in yrtro clonal 
propogation). A recessive sterility could be used if sterile and fertile plants are easily discriminated^ 
Commercial utility of genie sterijity systems is limited however by the expense of clonal propogation and 
roguing the female rows of self-fertile plants. 

Many successful hybridization schemes involve, the use or CMS. In these systems, a specfic mutation, 
in the cytoplasmically located mitochondrion can. when in the proper nuclear background, lead to the failure 
• of mature pollen formation. In some other instances, the nuclear background can compensate for the 
' cytoplasmic mutation and normal pollen formation occurs. The nuclear trait that allows pollen formation in 
- plants with CMS mitochondria is called restoration and is the property of specific "restorer genes . 
' Generally the use of CMS for commercial seed production involves the use of three breeding lines, the 
male-sterile line (female parent), a maintainer line which is isogenic to the male-sterile line but contains fully 
functional mitochondria and the male parent line. :• - 
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The, male parent line may carry the specific restorer genes (usually designated a restorer line) which 
then imparts fertility to the hybrid seed. For crops (eg. vegetables) for which seed recovery from the hybrid 
is unimportant a CMS system could be used without restoration. For crops for which the fruit or seed of the 
hybrid is the commercial product then the fertility of the hybrid seed must be restored by specific restorer 
genes in the male parent or the male-sterile hybrid must be pollinated. Pollination of non-restored hybrids 
can be achieved by including with hybrids a small percentage of male fertile plants to effect pollination. In 
most species, the CMS trait is inherited maternally (because all cytoplasmic organelles are inherited from 
the egg cell only), which can restrict the use of the system. 

In a crop of particular interest herein, the oilseed crop of the species Brassica napus or Brassica 
campestris, commonly referred to as Canola, no commercial hybrid system has been perfected to date. 
Mechanical emasculation of flowers is not practical for hybrid seed production on any scale. The use of 
currently available gametocides is impractical because of the indeterminate nature of flower production. 
Repeated application of chemicals is expensive and the method is prone to contamination with selfed seed. 

Genes that result, in self-incompatibility are quite widespread in Brassica species and self-incompatible 
hybrid systems have been used for hybrid seed production in vegetables. Major difficulties are associated 
with the propagation of the female lines and the breakdown of self-incompatibilities under stressful 
conditions. Adaptation of these systems to Brassica oilseeds is restricted by the expense of increasing the 
female lines and the availability of appropriate self-incompatible genes in the dominant Canola species, 
Brassica napus. 

A variety of sources of male sterility are available in Brassica species. Both recessive and dominant 
genie systems have been reported, however their use is restricted because large scale in vitro propagation 
or roguing of female lines is in most cases impractical for large scale seed production. 

Additionally, a number of CMS systems have been reported in Brassica species. Four of these systems 
have been explored as possible vehicles for hybrid seed production: pol, nap, anand and ogu. ThePolima 
system (pol) has been widely studied and is probably the closest to commercial use. Good restoration and 
maintenance of pol CMS has been achieved, however the system suffers from potential instability of the 
CMS with high temperature, a reduction in the heterotic effect of crossing different lines (because of the 
defective mitochondria) and a reduction in hybrid seed oil content. The use of other CMS systems is also 
restricted by heat sensitivity (nap), difficulty in restoration of fertility (ogu, anand)/ difficulty in the 
maintenance of the sterility (nap) and low temperature chlorosis associated with the sterile cytoplasm (ogu). 
Improvement of these systems is the object of considerable research, however all of the systerhs have 
some inherent weaknesses that limit their utility. 

An ideal system for hybrid seed production in any crop would be a form of genie male sterility that 
could' be regulated to allow controlled male fertility for the propagation of. the female line and genetically 
restored by the male parent to allow the production of self-fertile hybrids. 

It is desirable that the invention as claimed herein provide a method for producing genie male sterility in 
plants. It is also desirable that this invention provide a method of producing genie male sterility which can 
be readily adapted to the production of hybrid seed, including hybrid seed with "restored" male fertility or 

ma | e sterility which is not expressed in thej)lants grown from said seed. 

— - For certain"crops~df ihterest7 Tuch as^vegetabies, it is only the leaves stems or roots of the plant that 
are sold commercially. Therefore, even though the male sterility trait may be inherited and expressed in the 
hybrid, plant it is not necessary to overcome or restore male fertility in the seed of the hybrid plant. 
However, for other crops, the commodity of commerce is the seed or fruit produced by the hybrid plant. 
Thus for optimal commercialutility.of the hybrid it is desirable that the hybrid is self-fertile. 

In addition, the use of genie male sterile plants for commercial seed production requires the increase of 
seed of the genie male-sterile line (frequently called maintenance). Certain aspects of the invention as 
described herein, relate to the increase or maintenance of seed with genie male-sterility. 

Specifically it is desirable that the present invention provide a method of producing hybrid seed in three 
stages as follows: 

(a) producing a genetically transformed female parent by: 

(i) inserting into "the genome of a plant cell of said pollen producing plant which is capable of being 
regenerated into a differentiated whole plant, one or more recombinant DNA sequences comprising 
antisense DNA which block the production of functional pollen grains or render the developing pollen grains 
susceptible to a chemical agent or physiological stress which blocks the production of functional pollen - 
grains. 

(ii) obtaining a transformed plant cell of said plant; and 
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S^~53^^- P'an. =*se*e< in step (a, — — 
explants thereof, or other in vitro propagation techniques: . 

pollen produced by suitable male parent line. 

plant cell, that are capable of regenerate on * to * < * l ££^ ° f WW** with 

«. molecule ("antisense DNA") that codes for RNA ^^Z ^^on (the "sense gene"), thereby 
the RNA encoded by a gene that is crifcaLta pot ^^J^j^ Sbly constructed by inverting the 
inhibiting the expression of the sense ^ T ^ a ^^" 1 J^ n Jpflon to allow for transcription 
coding region of the sense gene relative to - ft, norm ^.^E^^XS encoded by these DNA's. In 
of its complement, hence the ^^"f the antisense DNA should 'preferably 

20 order to block the P^u^ l ^r F ^S'?Siri ^^^^.rSirinlnO must be approximate in the 
be expressed at approximately the same time as the sens* gene ^ j fey 

sense that the '^.^^^^^^^^^ ™* •» P ref9 ' abl * ^ 

Vol. 1(1") 1986. + . . ^ioimnH herein we provide a method of producing a 

30 .^SSBJSSC'.&'M po„en proven, P«. • -~ ■« 

,s capah. o, M ino re g e„era, ed into a 

40 sequence. 

7 ES^WfiSKW Sr^ca,,, — ed p,a„, « ff la V« ste*. 

50 recombinant DNA molecule comprising the antisense . DNA. ^ ^ & Qf 

. . According to another aspect of the P^^ 0 ^.^^^^^ the plant of interest with an 
increasing the production of seed of the gen. ^TecSve agent. According to this 

. antisense gene that is linked to a L genetically transformed plant (male 

scheme, it is possible to produce a ^^J^^ ^^^■ t ^ ^to select for plants 
55 sterile) with a suitable non-transformed male fertile tart and ' " s '"9 8 h ■ cross/Theoretically, 

containing the antisense gene ^^^^^^^ could be used within the 
. %£TZ ate?" Kv^^t:^ to genes codipg for resistance to herbicides 
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and plant diseases. Such a selective agent could be said to fall within two broad non-mutally exclusive 
categories, a chemical agent and a physiological stress. A chemical agent, such as a herbicide, could be 
used to produce male sterile plants on a commercial scale. Examples of herbicides for which a resistance 
gene has been identified are glyphosate (described in Comai', (_., Facciotti, D., Hiatt, W.R., Thompson, G„ 

5 Rose, R. E, Stalker, D. M. f 1985, Nature, Vol. 317, Pages 741-744) and chlorsulfuron (described in Haughn, 
G. W., and SomerviNe, C. R.. 1986, Mol. Gen. Genet, Vol. 210, Pages 430-434). 

Thus, according to another aspect of the invention as claimed herein, we provide a method of 
producing hybrid seed from plants selected from those species of pollen producing plants which are 
capable of being genetically transformed comprising the steps of: 

10 (a) producing a genetically transformed plant which is made sterile by: 

i) identifying and isolating, preferably from said pollen producing plant, a sense gene or a coding 
sequence that is critical to pollen formation or function in said plant; 

ii) inserting into the genome of a plant cell of said plant that is capable of regeneration into a 
differentiated whole plant, a gene which confers on said plant resistance to a chemical agent or physiologi- 

75 cal stress and, linked to said gene, a gene comprising: 

(A) a DNA sequence that codes for RNA that is complimentary to the RNA sequence encoded by said 
sense gene or coding sequence; 

(B) a promoter which functions in said plant cell to cause transcription of said DNA sequence into RNA at 
about the time of transcription of the RNA encoded by said sense gene or coding sequence; and 

20 preferably; 

(C) a terminator sequence which defines a termination signal during transcription of said DNA sequence; 

iii) obtaining a transformed plant cell of the. said plant; and 

iv) regenerating from said transformed plant cell a plant which is genetically transformed with the 
genes described in step (a) ii) above; and 

25 

(b) increasing the number of genetically transformed plants by: 

i) crossing the genetically transformed plant described in step (a) iv) above with suitable male 
fertile plant; * 

ii) using the same chemical agent or physiological stress to eliminate plants which do not contain 
30 the genes described in step (a) ii) above among plants grown from seed produced by- such cross; and 

iii) repeating. such a cross over several generations with the plants obtained as in step (b) ii) above 
in the presence of said chemical agent or physiological stress to increase the numbers of male sterile 
plants; 

35 ( C ) effecting a hybrid cross by pollinating said male sterile plants with pollen from suitable male fertile 

donors. 

In accordance with the preceding method the invention is also directed to a ceil totipotent plant which 
■ has been transformed with genes as defined in step (a|ii) above and which is capabte^ 
— 40 — -into a~maie"sterile plant" 

In a hybrid seed production scheme where there are alternating rows of male sterile plants and male 
fertile plants, it may.be simpler but not essential to carry out the final selection of male steriles in the field 
alongside the male fertile donors. Therefore it is desirable jf the suitable male fertile donors are previously 
transformed to resistance to the selective agent to avoid having to selectively apply said agent to the rows 
45 of male sterile plants. Therefore step (c) would be accomplished by growing seed produced from a cross 
between the selected genetically transformed plants and suitable male fertile donors, alongside seed of 
suitable male , fertile donors which have previously been made resistant to saiid chemical agent or 
physiological stress (the selective agent). 

In accordance with the preceding methods, the invention is also directed to a plant containing a 
so recombinant DNA molecule which comprises: 

(a) a DNA sequence that codes for RNA that is complimentary to the RNA sequence encoded by a 
sense gene that is critical to pollen formation or function in said plant; 

(b) a promoter which functions in said plant to cause transcription of said DNA sequence into RNA 
that is at about the time of transcription of the RNA encoded by said sense gene; and preferably 

55 
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(c) 'a terminator sequence that defines a termination signal during transcription of said DNA 
sequence. ■ * - \ ■ . 

in accordance with «- preceding methods the invention is aiso directed to . hybrid seed containing a 

^(c" a terminator sequence " that "defines a Termination signal during transcription of said"DNAr 

sequence. ■ , ' .*• 

-toft in an induced state through <^ PjJfflJP ^ £ j^.^P chemica. is particularly useful r 
are caoable of being genetically transformed comprising the steps of: _ 

' t^SS^S«. .unction In said plan. ce» to cause transcription o( said DNA sequence 

m permitting self-fertilization and growing seed of such a plant, over a number or ge 

* "'tlc^i'^ precede method, (he invention is aiso directed to a plan. «** contains a 
*^£232ZSSS?**« «, is commentary » - ANA se 0 uence encoded Py a 

into RNA during;the time of transcription -of said gene; and 
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(c) a terminator sequence which defines a termination signal during transcription of said DNA 
. sequence. . 

In accordance with the preceding method the invention is also directed to hybrid seed containing a 
5 recombinant DNA molecule which comprises: 

(a) a DNA sequence that codes for RNA that is complimentary to the RNA sequence encoded by a 
sense gene which is critical to pollen formation or function in a plant grown from said seed; 

(b) an inducible promoter which functions in said plant to cause transcription of said DNA sequence 
into RNA during the time of transcription of said sense gene and; 

70 (c) a terminator sequence which defines a termination signal during transcription of said DNA 

sequence. ~ . ■ 

According to another aspect of the invention as claimed herein, we provide a DNA coding sequence 
isolated from a plant of the species Brassica napus cv. Westar which is expressed only in microspores and 

75 whose expression is critical to microspore development. It is believed that this DNA fragment the sequence 
of which is shown in figure 2a, (nucleotides 600-2430) will be found and expressed exclusively in pollen in 
other species of pollen-bearing plants, particularly species of plants within the genus Brassica and the 
family Cruciferae. The occurrence of this sequence in other species of pollen-bearing plants may be 
" routinely ascertained by known hybridization techniques. It is believed that the similarity of plant genes from 

20 species to species will allow for the preceding aspects of the present invention to be carried out using said 
DNA fragment in any number of pollen bearing plant species that are capable/of being genetically 
transformed. The universality of plant genes has been widely documented in the literature and homologous 
plant. genes have been described for plant actins (Shah, D.M., et al, J. Mol. Appl. Genet. 2:1 1 1-126, 1983), 
photochrome (Hershey, H.P., et al., Proc. Natl. Acad. Sci. USA 81:2332-2337, 1984) storage proteins (Singh, 

25 N.K., et al., Plant Mol. Biol. 1 1 :633-639„ 1988) enzymes such as glutamine synthase (Lightfoot, D.A., et al, 
Plant MoT Biol. 11:191-202, 1988, and references within) and nitrate reductase (Cheng, C. t et al, EMBO 
Jour. 7:3309-3314). These and other examples in the literature clearly demonstrate that many plant genes 
are highly conserved. It is also clear that this conservation applies not only to structural proteins but to 
enzymatic proteins important to cellular physiology. Therefore, it is believed that said DNA fragment, when 

30 found in another plant species, will be critical to microspore development and will be able to be employed 
to carry out the present invention in such species. Furthermore, it is to be understood that any number of 
different genes that are crucial to microspore development or tissues uniquely involved in and critical to 
microspore development could be isolated and used in accordance with the preceding methods. 

According to another aspect of the invention, we provide a pollen specific promoter sequence 

35 (nucleotide 1-595 shown in figure 2a) that can be utilized to limit the expression of any given DNA 
sequence to pollen tissue and to a period during pollen formation. The pollen specific promoter can be 
used to limit the expression of DNA sequences adjacent to it, to pollen tissue in both the Solanacae and 
Cruciferae families as provided for in the specific examples and it is fully believed that this DNA fragment or 
functional fragment thereof will function as a pollen specific promote^ in a\\ jx>Men i_ bearing Pjant _species_pf_ 

_40 interest-that- are -capable-of being genetically" transformedr This^pollen specific promoter, can be used in 
conjunction with its naturally flanking coding sequence described above (nucleotides 600-2430) or any other 
coding sequence that is critical to pollen formation or function to carry out each of the preceding aspects 
and embodiments of this invention which do not call for the use of an inducible promoter. 

By using a pollen specific promoter to regulate the expression of the antisense DNA, it is possible to 

45 interfere with normal microspore development in any given plant, without having to first isolate from the 
genomic DNA of said plant, a gene which codes for a developmental^ regulated protein that is critical to 
microspore development. We will describe a method to produce a male sterile plant where the sense gene 
targetted for inactivation is a gene that is critical to cellular, function or development and is expressed in 
metabolically competent cell types. To produce a male sterile plant, such a gene is specifically inactivated 

so in pollen by using a pollen specific promoter to limit the transcription of its antisense DNA complement to 
. . pollen tissue. We will also describe a method to produce a male-sterile plant, ■ wherein the sense gene 
targeted for inactivation is a foreign gene which confers oh the. plant resistance to a chemical agent or a 
naturally ocurring or artificially induced physiological stress. This gene can be inserted into the genome of 
the plant, prior to, after or concurrently with the antisense DNA. A male sterile plant can be produced by 

55 growing a plant in the presence of such a stress during pollen' formation and using an antisense gene 
comprising said pollen specific promoter to specifically inactivate, in pollen, during pollen formation, a gene 
conferring on the remainder of the plant resistance to said stress. Any stress which can adequately be 
controlled on a large scale and for which a resistance gene has been identified may theoretically be 
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.invention. It is often difficult to date ^*?^*^^Z£Z>* but certain conditions must 
gene that is critical to pollen development or c^y ar tunc tton an ^ shou|d ^ a 

be met. The pollen specific promoter used to carry out the . relevant a p concomitant with the 

promoter that functions to cause ^"P* 10 ^ 

to produce sufficient levels of antis ? ns * in model systems have 
investigations, of the mechamsm of antisense RNA '^J* £ required in order to observe a 

suggested-thatequaLor^reaterJhjLne^^ 

significant reduction of sense gene actrv.ty. H ^.^°™ ^ J that the pollen specific 

RNA can have a specific reduction ,n sense g me acbvrty J^^'J^,.^ on the observation that . 
- promoter that is used to carry out certa^ 

>s developmental pattern. ; ^ invention we provide a method of producing a male sterile 

S»JSS3S ^ pu-. *. « capaP, o, ^ sen** 

transformed which method compnses the steps of. produC ing plant a sense gene or coding 

30 s e, JZ EST- Te^rL ^ in m e,aOo,ica,l v consent * 

,yp %> ■«. • r'-« «- • -° mb,nart s,randed 

C0mP " S 7 a DNA -,««:o ** co,es .or RNA that is cornpiirnentary'to the RNA encoded -by 
>a gene or coding sequence; „,„ Mi „ n . in sa id blant cell to cause transcription of said .DNA 

se, u enc:« ?Xtt£!£££&% « — - » . 

40 sequence. 

■ ::h^ 

=0 genetically transformed comprising the steps of: . 

(a) producing a male sterile plant by: ||en produ cing plant a sense gene or a coding 

... », wes - . * >-r rrr^Tcn LnroniLd'p^ ^ : .°ss=2 
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sense gene or coding sequence; 

(B) a promoter. which functions in said plant cell to cause transcription of said DNA sequence into RNA in a 
time frame which enables said RNA to block the function of the RNA encoded by said sense gene or 
coding sequence; and preferably; 
5 (C) a terminator sequence which defines a termination signal during transcription of said DNA sequence 
iii) obtaining a transformed plant cell of said plant; and 
. iv) regenerating from said transformed plant cell a plant which is genetically transformed with the 
genes described in step (a)(ii) above and which is male sterile; and 

70. (b) increasing the number of genetically transformed plants by: 

i) crossing the genetically transformed plant described in stop (a)(iv) above with a suitable male 
fertile plant; 

ii) using a chemical agent or physiological stress to eliminate plants which do not contain the 
genes described in step (a)(ii) above among plants grown from seed produced by such cross; and 

75 jji) repeating such a cross over several generations with the plants obtained as in step (b)(ii) above 

in the presence of said chemical agent or physiological stress, to increase the numbers of male sterile 
plants; 

■ (c) effecting a hybrid cross by pollinating said male sterile plants with pollen from suitable male fertile 
20 donors. 

In accordance with the preceding method the invention is also directed to a totipotent plant cell which 
has been transformed with a gene and a recombinant DNA sequence as defined in step (a) (ii) above and 
which is capable of being regenerated into a male sterile plant. 
25 Again it is to be understood that where there are alternating rows of male sterile plants and male fertile 
plants, it may be simpler but not essential to carry out the final selection of male steriles in the field 
. alongside the male fertile donors. Therefore it is desirable if the suitable male fertile donors are previously 
transformed to be resistant to the selective agent to avoid having to selectively apply said agent to the rows 
of male sterile plants. 

3CI Therefore, in accordance withthe two preceding aspects of this invention.the invention is also directed 
to a plant and hybrid seed containing DNA comprising a recombinant DNA molecule which comprises: 

(a) a DNA sequence that codes for RNA that is complimentary, to mRNA encoded by a gene that is 
essential to cellular function or development in metabolically competent ceil types; 

(b) a pollen specific promoter which functions in said plant or plant grown from said hybrid seed to 
35 cause transcription of said DNA sequence into RNA in a time frame which enables said RNA to block the 

function of the RNA encoded by said gene; and preferably 

(c) a terminator sequence which defines a termination signal during transcription of said DNA 
. sequence. 

40 Jt Js Jo, be understood- that-a- sense- gene tharcbdes for^pfotein that is critical to cellular function or 

development may be identified in the literature and isolated in a simplified fashion according to the methods 
described below. 

Examples of such proteins are proteins such as actin, tubiin or ubiquitin. three proteins which are 
essential to cellular growth and development. 
45 Sequences for actin genes isolated from plants have been published (for example; Baird W.V., and 
Meagher, R.B., EMBO J. 6:3223-3231, 1987, or Shah, D.M., Hightower, R.C. and Meagher, R.B., Proc Natf 
Acad Sci USA 79: 1022-1026, 1982) and actin is known to play a critical role in normal cellular function 
especially during mitosis and meiosis where actin forms part of the cellular apparatus for cellular division. 

The sequence for plant tubulin has also been described (Raha, D. p Sen, K. and Biswas. B.B. Plant Mol 
so Biol 9:565-571, 1987). Tubulin, like actin, is known to be important in the cellular life cycle particularly in 
regards to cell shape, transport and spindle formation during mitosis and meiosis. 

The DNA sequence for plant ubiquitin has also been published (Causing, K. and Barkardottir, R. Eur J. 
Biochem 158:57-62, 1986). Ubiquitin is a protein involved in the turnover of cellular -proteins and as such 
has a critical role in the regulation of specific cellular protein levels. In addition, ubiquitin is one of the most 
55 highly conserved proteins in eukaryotic cells. Interference with ubiquitin expression can cause abnormalities 
in the turnover of cellular proteins. ' 

If, any of ,the aforementioned proteins are not present in the cell, proper cellular' function is interfered 
with and the cell fails to develop properly. 
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,t is be,ieved ™^ 

specific and developmental^ .^ ulate ^ exp f S ^ e l hts been reported (Flavell. R.B.. et al, Second 
P S geneticaiiy. transformed with th,s Attract #97) In that example, the" wheat gene 

4ernatLa.-^^ 

functioned in the tobacco plant ,n an iderttca I fash on to Ui e^ Y ^ |n many cages , ^ 

literature clearly shows that the regulation of a specif c gen h me(jiated regulation of a wh eat 

maintainedJnJransgeni^ 

Chlorophyll a/b-binding protein .n transgenic tobacco , (Nag* ^ maintained in the foreign 

^example the light response -P^^^^rco^ manner, but genes from other plant 
- -nenetic-environment. Not only dp cereal^enes ^ fun «^ J^ jn : heterG , ogous geneticisystems. Pea seed 
Seces that are more Cosely related ^^STt^^^S^ «*■ 11=683-696, 1988). 
pSeins are expressed properly in tob acco plants H^gms TJ -^.^ 85 :458-462, 1988) and pea 
as are soybean seed proteins, (Barker, S.J * Jhe scientific lit9 rature has numerous other 

codSf'or by these genes, is similar among the. P^JP^'J?; w ; production of these proteins by using 

the same stress;. . n i a nt 'cell of the' stress resistant plant which is capable of being 

(c) inserting into the genome of a plant ceuo^ me mb | eC ule comprising: 

^ ITpo^Wflc promoter** ..notions in saidpian, c* .0 «*<**» °< s ' id ° NA 
sequence ««c ^nXo,^^ term,n»*n s ig na, dur,n g transcription^ of ^said^ ONA 

sequence. 

•■ «d> obtaininc,. pian, cei, o, said resistant Pian, *cb « been transformed «i,n » ^ 

described in step (c) above; . hj h has been genetically transformed with 

agent or stress: „„„.,,„„,, transformed plant described in step (e) above in the presence of the 
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transforming a plant cell with both of the genes referred to in (a) and (c) above* simultaneously, and 
therefore without an intermediate regeneration step (b). 
- According to another aspect of the invention as claimed herein, we provide a method of producing 
hybrid seed with restored fertility from, plants selected from those species of pollen producing plants which 
are capable of being genetically transformed comprising the steps of: • 

(a) producing a plant which carries a male sterile trait by: 

i) inserting concomitantly or independently into the genome of a plant cell of said pollen producing 
plant which is capable of being regenerated into a differentiated whole plant, a sense gene which confers on 
said plant resistance to a chemical agent or a naturally occurring or artificially induced physiological stress 
and a recombinant double stranded DNA molecule comprising: 

(A) a DNA sequence that codes for RNA that is complimentary to the RNA sequence encoded by said 
sense gene; 

(B) a pollen specific promoter which functions in said plant cell to cause transcription of said DNA sequence 
into RNA; and preferably 

(C) a terminator sequence whch defines a termination signal during transcription of said DNA sequence; 

ii) obtaining a plant cell, of a plant which has been transformed with the genes described in step (i) 

above; ■ 

iii) regenerating from said transformed plant cell a plant which is genetically transformed with the 
genes described in step (i) above and can be rendered male sterile by said chemical agent or stress; 

(b) increasing the number of genetically. transformed plants: 

i) growing the genetically transformed plant described in step (a)(iii) above in isolation from the 
same stress or chemical agent to produce a self-fertile plant; 

ii) permitting self-fertilization; and . _ - 

iii) growing seed of such self-fertile plant, over a numberof generations in isolation from the same 
stress or chemical agent to increase the number of genetically transformed plants; 

(c) effecting a hybrid crossing growing said genetically transformed plants alongside plants of a 
/suitable line of male fertile donors in the presence of the same stress or chemical agent during pollen 

formation to produce male sterile plant and to permit pollination of the male sterile plants. 

In accordance with the preceding method the invention is also directed to a totipotent plant cell which 
has been transformed with a gene and a recombinant DNA molecule as defined in step, (a) i) above and 
which is capable of being regenerated into a plant which carries the male sterile trait. 

In accordance with the two preceding aspects of this invention, the invention is also directed to a plant 

.comprising: * ■ 

(A) a sense gene which confers on said plant resistance to a chemical agent or a naturally occurring 
or artificially induced physiological stress; and 

(B) a recombinant double stranded DNA molecule comprising: ' 

(i)„a.DNA sequence-that codes " for"RNA"thatMs"complimehtary to the RNA sequence encoded by 

said sense gene; 

(ii) a pollen specific promoter which functions in said plant to cause transcription of said DNA 
sequence into RNA; and 

(iii) a terminator sequence which defines a termination signal during transcription of said DNA 
sequence. ' 

and hybrid seed containing DNA comprising: * 

* (a) a sense gene which confers on a plant grown from said seed resistance to a chemical agent or a 
naturally occurring or artificially induced physiological stress; and 

(b) a recombinant double stranded DNA molecule comprising: 
,i) a DNA sequence that codes for RNA that is complimentary to the RNA sequence encoded by 
said sense gene; 

ii) a pollen specific promoter which functions* n said plant to cause transcription of said DNA 
sequence into RNA; and 

iii) a terminator sequence which defines a termination signal during transcription of said DNA 
sequence. 
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producing a male sterile plant by transform^ a plant w. ^ mo|ecu , e> |n theory any toxic molecule 
pollen specific promoter and a ON A sjQ*™^ ^Me^T^ces may be employed within the 
which is. known to be encoded by one or more not limited t0 riC in and diphtheria toon. We 

5 scope of this aspect of the invention, 1 " clu * n ? a P °^' D ' ma ,Q 1 fertility by crossing said male sterile plant w.th 

rVVaidrWe^^ 

Thus according to another aspect of the ^ n ™" °fj, es ot te „ producing plants which are capable 

rs molecule comprising: 

(iV a pollen specific promoter; . •. . 

xeezs^^^Z*. ■** of " d ° NA 



sequence. 



20 



25 



30 
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« S^T«£U25- - • ^^transtormed pttt which is mate St.*. 
^^^^^ 

(a) inserting into the genome of \P l f\ C ^ ^ P °^J S on sa id plant resistance to a chemical 

seduencerand ^ ^ a Krmi „*„ ^ during transcription o.-sucn DMA 

sequence. 

genes described in step (a) above among plans V™°<££ ^ „ B J,^ as ,„ „ep (d> ii> above 
in , he - -ease " ~— — ' ~* 

plants; 

" ' ,e, inserfing into a P« cell 0, suitable male „«, Plant selected trom tne same species a ■ 
' -~^T.15S?C2S ~™A S Z i. compliment tne RNA sequence coding ,or 
sa id cytotoxic molecule; ^ ot me DNA sequence defined in step (d,(i, above a. 

'iabout the Srneot transcription ot the ONA sequence defined in step (a)(i); 
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(iii) a terminator sequence which defines a termination signal during transcription of the DNA 
sequence described in step (e)(i) above; 

(f) obtaining a transformed plant ceil from step (d); 
5 (g) regenerating from said transformed plant cell described in step (d) above a genetically trans- 

formed male fertile plant* 

(h) producing a restorer line by permitting said genetically transformed male fertile plant to self 
fertilize and growing seed of such plant over a number of generations to increase the numbers of 
genetically transformed male fertile plants; 

ro (i) effecting a hybrid cross by pollinating said male sterile plants with pollen from said genetically 

. . transformed male fertile plants. 

In accordance with the preceding method the invention is also directed to a totipotent plant cell which 
has been transformed with: 

7S 1) a gene and a recombinant DNA molecule as defined in step (a) and which is capable of being 

regenerated into a male sterile plant or 

2) a recombinant DNA molecule as defined in step (e) above and which is capable of being 
regenerated into a male fertile plant carrying the restoration trait. 

20 As discussed above, in a hybrid seed production scheme where there are alternating rows of male 
sterile plants and male fertile plants, it may be simpler but not essential to carry out the final selection of 
male steriles in the field alongside the male fertile donors. Therefore it is desirable if the suitable male 
fertile donors are previously transformed to resistance to the selective agent to avoid having to. selectively 
apply said agent to the rows of male sterile plants. 

25 In accordance with the preceding two aspects of the invention, the invention also contemplates a male 
sterile plant which has incorporated into its DNA a recombinant DNA molecule comprising: 

(i) a DNA sequence which codes for a cytotoxic molecule; - 

'(ii) a pollen specific promoter which functions in said plant cell to cause transcription of said DNA 
sequence; 

30 (jji) a terminator sequence which defines a. termination signal during transcription of said DNA 

sequence; 

and hybrid seed which has incorporated into its DNA said recombinant DNA molecule as well as another 
recombinant DNA molecule comprising: 

(a) a DNA sequence which codes for RNA that is complimentary to an RNA sequence encoded by 
35 said gene coding for the cytotoxic molecule; 

(b) a promoter which causes transcription of said DNA sequence into RNA at about the time of 
transcription of said gene coding for said cytotoxic molecule; and 

(c) a terminator sequence which defines a termination signal during transcription of said DNA 
sequence. . „ _ _ '-— *--■— — — — : ~ 

-40 ~ ^ ^ " 

In the accompanying .figures: 

Figure 1a is a schematic representation of a restriction map of L 4 a microspore specific genomic 
clone isolated from a Brassica napus genomic library. 

Figure 1b is a schematic representation of a restriction map of L 19, a microspore specific clone 
45 isolated from a Brassica napus genomic library. 

Figure 2a is the nucleotide sequence of a portion of the clone L 4 represented in Figure 1a. 
Figure 2b is the nucleotide sequence of a portion of the clone L 19 shown in Figure 1b. 
Figure 3 is a schematic representation of a protocol for producing the vector PAL Example 1107, 
. , discussed in greater detail below, 
so Figure 4 is a schematic representation of a protocol for producing a clone containing a coding region 

of the A chain of the ricin gene. 

in Figures 1a and 1b, the orientation of the restriction maps of the microspore specific Brassica napus 
genomic clones L 4 and L 19 is from 5 to 3. Clone L 4 was used for the isolation of a microspore specific 
55 promoter and for isolation of microspore specific gene coding fragments. Clone L 19 was used as a source 
for a microspore specific gene coding region. The 5' of each clone region contains the promoter region of 
the clone. The shaded region of each clone demarcates the approximate coding region of the clone/ Only 
those restriction sites which are relevant to the constructions detailed below are shown. The right and left 
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. arm , of the .ambda Coning vector are not shown .ndfc^be.^ each Cone is the region of DNA that has 

, been sequenced. Those sequences are given "/J^ffi^ dones L 4 ^ L 19 . respectively, are 
. ,n Figures 2a and 2b- the DNA sequence of^ "J^^^^bn. indicated in Figures i.and 
shown. Specifically, the sequences of •^^^j^ is 599 base pairs in front of the ATG 

5 1b are shown in the 5 to 3 fl**M clone LA, jjgj^- ^ nucleotjde 526 and the start of 
.,. .codon of the coding region shown , ^ ^a the * t at position 590 immediateiy upstream of 
translation is at nucleot.de 600-603 (ATG). A urn . nuc | eo tides upstream of th.s s.te 
the ATG start codon. This Ode I site and ^J^^^^^r.^ addition, the position, of the 
were used to excise the promoter reg.cn ^^^^.^^ axon is not identified, on.y the 

To-rrsrt*o-int^^ 

approximate splice site is demarcated fay the das had i ne me approximately 1.5 Kb 

^1^^ the ,po B, - SsH 

, 5 ■ In Figure .3 the protocol for .obstructing PAL 1 107 is shown for tn. regiorTTTs-bcloned 

fragment . 
into the plasmid vector pQEM 4Z us.n ' ^.^g^^S upstream of the coding region from the 
, 0402) is digested with .6o H.«nd the 2.5 Kb Eco RTMjr 6 ' reg ion of clone L 4. The 

• genomic clone L 4 is added. g,v ng ™^ on made blunt with Klenow, and cloned into 

20 Dde I fragment is then isolated from pPAL 040 3 ^ e ^ n ^ a J ing pPAL 0 408. pPAL 0408 is cut with 
pGEM 4Z previously cut with Xba I and b ^^^^^^ni^-Som pGEM 4Z is then 
• Sal I and Sst I and the promoter fragment now <^«J^£J£ 1 1 0 ?. J he vec tor contains the NPT II 
■ dSned intoTAL 1001 previously, cut w.th Sal I ^^^ te" specific clone L 4 followed by a 

gene for selection in plant cells, plus the promoter ^^^S^^ton of DNA fragments to be 

" ' , fragment containing the nopaline synthase ^polyad 3. shown. A clone containing part of. the'. 

30 ,n Figure .4 the protocol foNsolatmg ^*^£%Z£ ^fSna is digested with K P n I and Sst 
ricin gene is isolated as a Eco Rl fragment in pGEM 4Z as shown. jne c 9 y ^ jg 

, and digested with.exonudiase III, Following SI ^^.^SS from Pharmacia P.L. Biochem- 
- r eligated 9 in the presence of a universal txansljon ^ Ach^.te 
. icais). A clone containing this te^inator and wh^ch was de ^eted to am a ^ 

35 recovered. This , clone is digested w.th Bam H^and recloped 1 wSHTsfTand Sal ,, therl digested with 
.. ' containing the orientation shown is chosen. The resultant clone pa | indr0 mic linker 
exonuclease ll. followed by SI and ^^^^^^^^^ th- a Bam HI 

• ■ Sw^^ 

- - " represents abortion of-the B chain of-ncin.. - - . . ... .. . . , -— . 

45 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS . 

is known that there are currently, limited 
transformed. Routine transformation is largely res ^acie). LycopeTsicTn 

Examples of species included within thes * fam . tobacco and t omato plants. 

so ? sc i «(S J ^ from any one of said 

inrrae^ mil* may be carried out with any other 

IgZXSSZ lltS ^^^^m^ Brassica napus. 

. The pollen specific promoter rerferre ^ paraifiphTeicTTof 

: . 55 ^^^^^ ^^'^^^^^ 
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specifically that plant tissue-specific promoter fragments retain their function in other species. For example, 
wheat endosperm promoter fragments (Simpson, J. et al, EMBO Jour. 4:2723-2729, 1985), or the Alcohol 
Dehydrogenase (ADH)' promoter fragments (Ellis, J.G., et al. EMBO Jour. 6:11-16, 1987) can function 
properly in other plant species genetically transformed with said promoter fragments. Accordingly, it is fully 
expected that the pollen specific promoter that we have isolated is capable of being utilized to limit the 
expression of any given structural gene sequence to microspores and to a period during pollen formation, in 
any other polien-producing plant species of interest that is later found to be capable to being genetically 
transformed, including preferably species within the families Solanacae and Cruciferae and more preferably 
species of plants selected from the genus Brassica , 

According to the present invention, the following advantages are achieved over other hybridization 
systems: 

(a) Hybrid seed production is not labour intensive and can be achieved on a large scale with 
commercially acceptable costs; 

(b) Male sterility is simply inherited and stable in response to environmental stresses that limit the 
effectiveness of self-incompatibility and CMS based schemes. Seed that is produced will be relatively 
uncontaminated by selfed seed; 

(c) The system avoids the use of defective cytoplasmic organelles that may themselves detract from 
the performance of the hybrid seed; and 

(d) The system will greatly speed the development and increase the number of lines that can be 
tested as hybrid parents because it can be imposed on any inbred plant Hne capable of regeneration into 
transformed plants without the inclusion of additional genomic DNA. Additionally, plant lines can be tested 
for combining ability before incorporation of the hybridization system. * 

The schemes in which male fertility is controlled by controlling the presence of an inducer or a 
physiological stress are particularly advantageous for hybrid seed production on a large scale since 
propagation of the male sterile line can be accomplished by a simple means. 

As a preferred embodiment of several aspects of our invention discussed above, we provide methods of 
introducing genie male sterility into a plant species of the genus Brassica , in respect of which a satisfactory 
CMS system is not available. These methods overcome the difficulties associated with the use of a CMS 
based male sterility system, specifically with regard to yield loss associated with defective mitochondria. 

The follow terms . and expressions, when used throughout the disclosure and claims herein;- are to be 
interpreted in accordance with the definitions set out below unless the context dictates that said terms and 
expressions are not to be so limited: ^ 

1 i 

Antisense DNA 

- A DNA sequence produced when the sense DNA is inverted relative to its normal presentation for 
transcription and inserted downstream from a promotor. The antisense JDNA -rnay ^ be constructed Jn a_ 
-number of- different-ways.-provided that it Ts" capable "of being transcribed into RNA which is complimentary 
to and capable of blocking translation of the RNA produced by the sense gene. 

Antisense RNA 

- RNA that is encoded by antisense DNA. 

Capable of Being Gentically Transformed - 

In reference to a plant, this expression means a plant containing cells which can -stably incorporate 
recombinant DNA molecule and be regenerated into a differentiated whole plant. 

Critical to Polien Formation or Function 

- Any gene that is specifically required for the development or function of pollen. Such genes include 
but are not necessarily limited to genes which are critical to microspore growth and development or 
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required for growth 
the filament, tapetum and the anther wall 



5 

Gene 



Structural gene with flanking expression signals or sequences. 



70 



Gene That Is Critical To Cellular Function Or Development 

* _ that rnriss f 0r a product that is essential for the continued function or development of all 
m etaS^^cS S a sScf2 ^^ Wm&^e* in- eSS en«a, ce„u,ar -structures, 
rs essential bio-synthesis and essential metabolism. 

Genomic DNA 
20 - The DNA of the plant genome. • ; 

Genomic Library 

25 - a collection of segments of genomic DNA which have been individually inserted into phage vectors, 
which collection is used to isolate specific genomic sequences. 



Hybrid Plant 

30 . • , 
- A plant grown from hybrid seed. 



35 



Hybrid Seed . 

. - Any seed produced by the cross-pollination of any particular plant inbred line by a pollen other than 
the pollen of that particular plant variety inbred line. ; . .• , . ... 



4p Microspore 

- ' v A s P ore that develop^ 

45 Pollen Grain (or Pollen) 

- A structure derived from the microspore of seed plants that develops into the male gametophyte. 



so Pollen Specific Promotor 

*■' - A promotor that functions exclusively in pollen. 



55 . Promotor • ' • 



^4 - A DNA sequence (expression signal) that causes the initiation of transcription of sequences adjacent 



totit. . ' 
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Restriction Fragment 

specific length fragment of DNA produced by the complete restriction digest of a particular DNA 
using the specified restriction digest. 

5 

Sense Gene 

- A DNA sequence that is capable of producing a functional protein product, which sequence consists of 
70 a promotor, a structural gene and^a terminator. In the context of the present invention, we shall refer to the 
structural gene sought to be inactivated when combined with promotor and terminator sequences as a 
sense gene. 



is Sense RNA 

- RNA that is the normal product of transcription of a sense gene and therefore . capable of being 
translated in vitro into a functional protein product. 

20 - ■ 

Structural Gene 

- A DNA sequence that codes for a protein sequence. 

25 

Suitable Male Fertile Plant 

- Suitability for the purpose of producing hybrid seed is determined by standard crossing of^different 
varieties with subsequent analysis of the progeny and selection of a variety with a superior combining 

30 ability. Suitability of a male fertile plant for the purpose of crossing with a male sterile plant to increase the 
number of male sterile plants means use of, but is not necessarily limited to use of. a plant of the same 
inbred line from which the male sterile plant is derived. In some instances the desired increase in plants 
that function as the male sterile female parent can be produced simply by selfing thus the suitable male 
fertile plant can also be itself. 



Terminator 

- A DNA sequence (expression signal) that directs the end point of transcription in pjants. . . 
Transformation 

- The use of Agrobacterium sp: or any other suitable vector system(s) to transfer foreign DNA in a 
45 stable fashion into the genomic DNA*of a plant species. 



* METHODOLOGY 

so In the foregoing description of the invention, we set forth, in general terms, the steps that can be 
employed to produce male sterile plants, and hybrid seed in accordance with our invention. It is to be 
understood that these various steps may be accomplished by a variety of different procedures. In the 
following description of preferred procedures, we refer to several alternative procedures to accomplish these 
steps. However, it is contemplated that other variations will be apparent to those skilled in the art. 

55 Accordingly, the scope of the present invention is intended to be limited only by the scope of the appended 
claims. 

The isolation of genes that are critical to pollen formation may be accomplished by a- variety of 
procedures. In accordance with one aspect of the method of our invention, we identify by known methods, 
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■ a cnorifir staaes durinq pollen development whose regulation is tightly 
genes that are only expressed at specific, stages during P°' £ jtn the detailed met hod set 

. controlled. The genes may be isolated by clon.ng techniques ^^^^ t0 standard cloni ng 
out below. The isolation step may also be accmpM* J^^'*'^ to 9 pollen forrnati0 n arid 
. . techniques discussed below, whether a g.ven ^^.£XTi^W «n another plant. It is also 
5 expressed exclusively in microspore fssue in °^J^\^ e J^ sed J a „ C8 I1 types. These genes 

70^ sterility r — — ~- ^ anv one of" a^ariety^of" known-methods— The 

The antisense genes may be constructed according toWMrtJ^ Y^^^ ^- 
.preferred method of construction detailed I below « , to exc.se the ^6 ™ltZcuS> downstream from a 
,.gene.or.a.functipnaLfragm^nJ^ 
• promoter, in an inverted orientation relative to .ts ^J.^J^n^W of the present invention 
15 I preferably added to the end of ™ »J ^^Z^Zre^ according to known 

^Igtt&S&SgS ^rS^aow-nstream from a promoter that wi, cause ti.el, ; 

20 . preferably by first inserting said ?2e£ of a marker gene for any 

gene into a plant cel. The tra ns^ed p^an Jj^.^ es £ ance t0 transformed pl«>t cells to 

one of - a variety of. selectable agents, which ^capable of comerr g differentiate into mature plant 

same agent. Transformed plant cells this invention may require the 

structures. Aditionaily, it is to be understood W^"*^ 8 * may be physically linked by both 

». transformation of a plant cell with two d f™\^™^ that if 

being contained on the same vector or phys ca" v sepe ate ° n d '™ ; can take laC9 with both vectors 
- the g 9 enes are on d^erent — — ^ ^j£%££*r'*» transforation of a 

p^s^ 

M «ce cannot be readi, 

transformed plant cel. can be ^ 

comprising a large number of transformed ce is * increase and maintain the male 
according to routine methodology from sa. ^JTSs S genera ing transformed plants from such 
- 35 sterile line. Routine methodology for cuttur ^f^^Sr^ and Cel. Culture. C. E. Green. D. 
cells is described in such plant tissue culture hand bo ^^^^^ ^"Experiments in Plant 
. A. Somers,,W.P. Hackett and O^Bmtop^. Eds., Ala* ' ^ . p r e ss or Cel. StructuTi 

Tissue Culture, Dodds. J.H, and Roberts L W. Ed s 19 85 Handbook ~ flant^ 
i^Som^c-Cell Genetics of Plants. Vas.l I. K.. I J 9 **.. a nd Am mirato, P.V .rEdsTigm 
40 m^V^mT^T^^ and App.icat.on3 , Evans. O. A.. W.R.. and Amm 

Macmillan Publishing Company. _ . transformed plant cell line with . 
- -- It is- also possible to produce- male stenle p^ 

cell, of plant species that cannot be transform ^^^^^ ^or oens that 

45 into matu, Plants that carry the ma, 

Ste ^i^ be understood that any one of 
• . expression of the antisense gene, provided ^ P™-"*^ V^Z ot the sense RNA and thereby 
the proper time and into.suffic.ent qunbta » * £^ dement Complete inhibition of the 

so' prevent its translation into prote.n required -for proper: ^spore ° ? Q h jnt tnat norma , pollen 
, Expression of these genes not needed, on^ express- than^reduced to^ P ^ ^ . 
■ development is .nterfered w.th. It is P°*s |b » to .use. a _ whic h- could be used to 
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preferable to use a pollen specific promoter that displays a similar developmental pattern to that gene. A 
convenient method to determine when the sense gene sought to be inactivated is expressed is to isolate 
RNA from developing microspores at different stages and to analyze this RNA for the expression of the 
sense gene by the so-called Northern analysis. This process will allow for the determination of the exact 
developmental period in which the sense gene is expressed. In order to determine the period in pollen 
development in which the pollen specific promoter sought to be used to activate said , sense gene is 
expressed, a similar series of analysis can be carried out using as a probe for the expression of said pollen 
specific promoter a reporter gene joined to said promoter or the naturally occurring sense gene under the 
control of the pollen specific promoter found in the plant originally used for the isolation of the sense gene. 
When the pollen specific promoter is isolated from one plant and used in a different plant species the 
preferred method is the use of a reporter gene joined to said promoter to determine the exact developmen- 
tal timing that that promoter fragment has in that particular plant species. 

It is also to be understood that the antisense DNA does not necessarily have to code for RNA that is 
complimentary to the entire mRNA chain encoded by the sense gene provided that the mRNA encoded by 
the antisense gene is otherwise capable of hybridizing with and blocking translation of the native mRNA 
species targeted for inactivation. Accordingly the term antisense DNA when used in disclosure claims 
herein encompasses a functional fragment thereof. 

A. Isolation of Genes that are Critical to Proper Development of Microspores 

To isolate genes that are specifically expressed in developing microspores, a genomic library of plant 
DNA may be constructed from DNA isolated from fresh young leaf material according to standard 
methodology, described in Molecular Cloning, a Laboratory Manual (Maniatis, T. Fritsch, E. F. t and 
Sambrooks, J., Cold Spring Harbour Laboratory, Cold Spring Harbour, New York, 1982) and screened with 
probes derived from several tissues, one of which is made from microspore RNA. The other probes should 
be made from RNA from different tissues so as to represent genes expressed in tissues of the plant that 
would not be expected to include genes that are expressed in microspores. Examples of these would 
include but are not limited to such tissues as leaf, roots, seeds, stigma, stem and other plant organs. 
However, some genes will be expressed in all tissues. By surveying many plant tissues, it is possible to 
isolate genes expressed exclusively in microspores. 

The microspore RNA may be isolated from microspores that are at the early to late uninucleate stage. 
Though it is possible to use other microspore stages certain difficulties might be confronted. The use of 
premeiotic stage microspores could prove to be problematic in many plant species since in some^plants the 
callose wall has not formed yet and isolation of the immature microspores is technically difficult. Micro- 
spores that are isolated at the stages post nuclear division may have limited nuclear gene activity when 
compared to earlier stages. Therefore, the early to late uninucleate stages are preferred. 

The microspores may be conveniently isolated from the anthers by manual dissection of the buds from 
the growing, plant and subsequent removal of the anthers. Microspores, are isolated from the anthers by 
gentle grinding, of Jhe anthers .in -a mortar- and-pestle in the presence 'of "a" solution" of 10% sucrose. The 
extract is then filtered through a 44 um nyion mesh and the microspores are collected from the filtrate by 
centrifugation at 3000 x g for one minute. The pelleted microspores are resuspended in 10% sucrose, 
filtered and pelleted as before. Other methods of isolation can also be used to obtain microspores. 

Tissues other than microspores can be disrupted by a variety of methods and the disrupted tissue can 
be used for RNA extraction. It is convenient to disrupt the tissue by using a motor driven homogenizer with 
10 mis of a solution of 6M guanidinium-HCI, 0.1 M Na acetate, pH 6.0, 0.1M beta-mercaptoethanol per gram 
of tissue. The homogenate is centrifuged at 5000 x g and the cleared supernatant is layered over^a solution 
of 6M CsCI in Tris-EDTA buffer (fE buffer). Centrifugation at 100,000 x g for 12 - 20 hours at 15° c is used 
to pellet the RNA which is subsequently resuspended in water and reprecipitated in the presence of 0.3M 
Na acetate and 2 volumes of ethanol. RNA is recovered by centrifugation and resuspended in water. The 
RNA obtained from such method can be fractionated by oligo-d-T cellulose chromatography to separate the 
polyadenylated mRNA from the. bulk of the non-polyadenylated RNA. The microspore RNA is conveniently 
isolated by using a tight fitting- motor driven glass homogenizer to disrupt the microspores. The homogeni- 
zation of the microspores, 1 ml of a solution .of 6M guanidinium-HCI, 0.1M Na acetate, pH 6.0, 0.1M beta- 
mercaptoethanol per 300 ul of packed microspores used as a RNA extraction buffer during the disruption of 
the microspores. The homogenate is centrifuged at 5000 x g and the cleared supernatant is layered over a 
solution of 6M CsCI in TE buffer. An overnight centrifugation at 100,000 x g is used to pellet the RNA which 
is subsequently resuspended in water and reprecipitated in the presence of 0.3M Na acetate and 2 volumes 
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70* 



75 



Standard methodology using ohgo-dT cellulose is usea ra 

RNA preparations. . Portion it is convenient to- make radioactive cDNA by using 

The mRNA is labelled for the. purpose , o f ^J^^^^ hexanucleotide primers and alpha- 
said mRNA and AMV reverse tra "* cr ^ Ufts of plates containing the Cones o 
pp]-dCTP. Probes are used for hybr,d.zat.on ^J*™*^ hybridizing only to microspore cDNA and not 
he genomic library. Cones that can be f h ^f c ^tZJ^ purified and grown for DNA 
cDNA from any other tissue exam.ned "^J^^^r.ncon^hpnt DNA. growing and 
isolation. Alternative techniques for mampula ng DNA and RNA ^ c|Qnjng[ ^ Laboratory, 

NY " Scase^er, the genomic ^^^^^^^^^.^ 
certain aspects of this invention, the preferred method DNA sequence according, to standard 

C pln formation or function *»gXfv^W%^£ syntheses, a practical approach Gait 
-methodology, (see for example Ga*. MJ. ( ^.^J for the purp0 se_of detection _and use said 

'ttS^tt&~ — praduced according to the methods 
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B Construction of Antisense Ggnes_ , . 

mapping and nybridization analyse. Th,s may be , acantto^W^ lmmoMtod .. on nitrocellulose, 
from microspore RNA «i» >^J%T&&J£ n< 1m «* *. »*»»•<>• «« 

respect to gene transcription is known. SQ ene ind ividual restriction fragments may 

In order to determine the polanty of transcription^ of tn » se g GEM3Z , pGE !v14Z (available 

be subclone* in commercially available vectors such ^EMS. pGE^, J ^ ^ ^ 
from Promega Biotech, Madison, Wl. U.S.A0. By usmg. t ^ ^ QNA dup|ex jn a given 

stranded RNA probes which are oon f m ^^^ in order to establish the polarity of 

subclone. These, strand specfic probes are hybndized to m . ^ ^ ^ he 

transcription. Among these probes. on .car mjdWs those p determine from what DNA 

complimentary to the mRNA. Using this -J^JSs ae^ mRNA has been transcribed. . - 
strand of the double strand genomic DNA molecule me ^ns P GEM series of vectors can be 

, • ■ m order, to iso.ate promoter ° N \ se * ue "^^ Additionally, transcriptional 

used for the unidirectional deletion ^^T^Z be conveniently accomplished. by using a single . 
- start sites of promoter regions^* ^ hybrid i Z ation-protection^ experiments. . 

stranded RNA probe, transcribed from the ,nd vidua! subc o y ^ handbooks 

Detailed descriptions .of these °*P°"™ e *f V™*™*™ 1 EM series of vectors. These experiments will 
a and in the manufacturer's technical notes the pQ^^ ^ 

clearly establish the promoter and ^.ng regions oHh « P°» en J determined by didoexy sequencing of 
. The sequence of individual dele ions in the ^™ v jj^ n ^. Delet ion subclones that are deleted 
plasmid minipreps as described in ^J^^ZSl^^^-^ *« ss the pt ° M ^ 
■ to very near the start of transcnptc ,n J^^^JU.conrtni^ of genes that are expressed 
50 . or. the promoter region and start of t an ^7^ n f X"s Usually the promoter fragment is inserted 
only in developing microspores of pollen be in y pRA j.221 (available from Clonetech 
; uostream of a terminator such as the nos terminator iou JV transcribed into antisense 

SSes. Palo Alto CA) and ^^SSS'Tl construct is verified by 
RNA are inserted between the promoter and ^f^^nw aene thus constructed and verified may 
55 combination of sequencing and restriction diges^. ^vectors that contain a selectable 

. • :.. be inserted in T-DNA based vectors ^^^^S^ can be constructed in a variety of ways 
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be convenient as demonstrated by Example 1, to insert restriction fragments intended to be transcribed into 
antisense RNA into a T-DNA based vector to which a promoter and terminator structure have been 
previously added. Alternatively, it is possible to insert a promoter fragment upstream of a coding region and 
terminator that has been previously added to a T-DNA based vector. In addition, it may be desirable in 
some crops not to insert the antisense gene into a T-DNA based vector but rather into a vector suitable for 
direct DNA uptake. Promotes other than microspore specific promoters can be used and joined with 
specific restriction fragments of genes and terminators provided that these promoters function in micro- 
spores. 

C. Transformation of Plant Ceils 

A number of published articles have dealt with the subject of plant transformation. Generally speaking, 
two types of methodology exist for transformation of plant ceils: (1) use of an infectious agent such as 
Agrobacterium or viruses to deliver foreign DNA to plant cells, and (2) mechanical means such as naked 
DNA uptake or electroporation. In both cases, the desired result is the uptake of foreign DNA into the plant, 
cell and subsequent stable integration of the foreign DNA into the nuclear genetic component of the plant 
cell. In the, ensuing examples, we describe a particular type of methodology that may be used to produce 
transformed plants. However, it is to be understood that other methods can be used for the purpose of 
production of transformed plants containing antisense genes. These include but are not limited to: 
protoplast transformation, transformation of microspores, whole plant wounding with Agrobacterium followed 
by recovery of and regeneration from infected tissue, naked DNA uptake with Agrobacterium delivery 
systems and other methods such as electroporation. 

. D. Regeneration of Plants from Transformed Plant Cells 

After transformation of a plant ceil,, the plant cell is allowed to grow and develop into ^ whole plant. 
Usually this takes place over a period of time during which time selection of the transformed plant cells is 
accomplished by the application of a selective pressure such as an antibiotic, drug or metabolites that are 
toxic to the plant cell. Resistance to the selective pressure is conferred on the plant cell by the presence of 
a resistance gene on the transformation vector thus allowing the transformed plant cell to grow in the 
presence of the selective pressure. 

In some cases, adjustment of the growth regulating substances is required in order for tije plant cell to 
differentiate into a mature plant. This may involve a number of steps in which the transformed plant cell is 
allowed to grow into an undifferentiated . mass commonly referred to as a callus.. This callus is then 
transferred to a medium which allows for the differentiation of said callus into organized plant structures and 
eventually mature plants. Alternatively, some procedures may involve the differentiation of the transformed 
plant cell directly into a structure such as a shoot which is then removed to mediajhat : allowsjor rooting^ 
_and subsequent.growth and- flowering. For-each individuarplant 'species the choice of steps is determined 
experimentally. 

E. Testing for the Presence and Expression of Antisense and - Marker Genes 

Plants which are regenerated from transformed plant cells are tested for the expression of the marker 
gene which is usually the gene that confers resistance "to the selective agent. In the case of the commonly 
used gene neomycin phosphotransferase (NPT II) which confers resistance to kanamycin and the antibiotic 
G-418, gene expression is tested for by in vitro phosphorylation of kanamycin using techniques described 
in the available literature or by testing for the presence of the mRNA coding for the NPT II gene by northern 
blot analysis of RNA from the tissue of the transformed plant. . 

■ Expression of the antisense gene is monitor^ using the same northern blot techniques. Single 
stranded RNA probes which are either homologous to sense or antisense RNA transcripts are used to 
detect said transcripts in developing microspores sucn that the expression of the sense and antisense gene 
may be ascertained. It is preferable to use agarose gel electrophoresis to separate transcripts from the 
sense and antisense genes according to size and to do so under denaturing conditions. In the case where 
microspore specific gene expression of antisense genes is sought to" be accomplished it is advisable to test 
for the expression of antisense genes Jn microspores and tissues other than microspores such as leaves, 
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The presence of a stably integrated ^""J^^U-^ In this procedure, total cellular or 
may also be ascertained by using the "^^."^^JanJpreta^ restricted with a restncfon 
nudear.ONA is isolated from **«™*™oX1SoZ££ *d scree? sites, thereby giving rise to d.screet 
enzyme that usually cuts the ^^^^SSii in the nuclear or total DNA of the transformed 
fragments. These discreet vector fragments ^ ^ 

r^eac™^^^ 

chance by the position of Insertion of S ^™'J*„X 'IgenB AS cause reduced maie fertility may 
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"^onof^s^isaocomp,,^ 

^/tro"^ 

Suction of hybrid seeds on a commercial scale >« most p ant P p ^^i,,^ by standard 
Se Sferred methods o, pollination. **** o, .he lines with the best 



"exampie relates to^iso^ 

which is critical to pollen formation and exposed "V^lS antisens. DNA is placed under the 

is TttXXX&^r*- ~ <* <"*- ,,om ' p,a "' 

species Brassicanapus. . _ d L 19 were isolated from a genomic library 

P Two^icToTpoTe-ipecific genom.c clones, , L 4 and . ' screenj said librafy wrth probes 

constructed from a plant of the ^J&S2±2^£ Z* and stems, according to the methods 
constructed from BNA isolated from m.c rospores. ea - that were 3 t0 5 mm in length, 
spec fied above. The.microsppres were 'soiat^from f^b^s th^ ^ and ^regions js well as _ 
■ ^Restriction maps of these two clones are s how n m. .,gu ^^.^^ anaiysis according to 

£S «^ * „ a , so indicated in 

aament that functions as a microspore spec.f.c P« £njgen* P rf ^ QNA 

2£ of nucleotides 1 - 595 of ^^^CJ^c^^ determined by insertion of 
fragment to function as a m.cros P ore spec, . promoter tcfcacco ' plants and analyzing different t.ssue for the 
' th e 9 entire5.7KbEcoR.DNA segmen o ' ^ ^.^^cy conditions that allow for the spec.f.c 
expression of the coding reg.on of c,one ^^ U " d L 4 Under these conditions, mRNA transcnbed from the 
; detection of expressed coding sequence of clone UndeM ^ from tne transgeni c 

.1 4 inserted DNA was only detectable ™™™™ 6 e6 stems, leaves, flower petals, filaments, 

an^:S rrX^S inserted ON* se^nt contains the entire coding 
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region of clone L 4 and 230 bases of 5 .promoter sequence. This length of DNA represents the minimal 
amount of promoter DNA sequence needed to retain microspore specific promoter activity in transgenic . 
tobacco. Provision of additional 5 promoter sequence does not alter the specificity of this DNA in terms of 
its functioning as a pollen specific promoter,, it only increases the levels of pollen specific expression. 
Therefore, in order to maximize the levels of tissue specific gene expression from this specific DNA 
sequence, additional upstream region of the 5 region of clone L 4 was included in the DNA constructions 
listed below. A DNA fragment containing additional 5 sequences of the promoter region contained in clone 
L 4 was isolated as a Dde I fragment. This 1.9 Kb fragment was isolated in the following fashion: The Eco 
R! - Sst I fragment thaTencom passes the 5 region of the coding sequence and 235 nucleotides of the 
promoter'were subcloned into the commercially available vector pGEM-4Z (sold by Promega Biotech 
Madison, Wl, U.S.A.) using the Eco Rl and Sst I sites in the polylinker region. The resultant plasmid was 
named pPAL 0402. pPAL 0402 was digested with Eco Rl and the 2.5 Kb Eco Rl fragment of clone L 4 was 
ligated into this site, creating a plasmid that reconstructed the 5 region of the genomic clone L 4. This 
plasmid was named pPAL 0403. pPAL 0403 was digested with Dde I and the 1,9 Kb Dde I fragment that 
encompasses the promoter region of clone L 4 was isolated by gel elution, made blunt ended with Klenow 
fragment and subcloned into the Xba I site of pGEM-4Z previously made flush with Klenow treatment. Two 
orientations were obtained, the one shown in figure 3 was chosen for further constructions and was named 
pPAL 0408. This promoter fragment in pPAL 0408 contains the DNA sequences required for limiting the 
expression of any gene adjacent to the 3' end of this fragment solely to developing microspores. At the 
extreme 3' end of this fragment is the start of transcription site so that any DNA sequence placed at this 
end of the fragment will be transcribed and will contain a 69 "(+ or -2 bp) untranslated leader sequence 
without any ATG initiation codon. A cassette transformation vector using this promoter fragment was 
constructed using the binary transformation vector BIN 19 (obtained from the Plant Breeding Institute and 
described in Bevan, M., 1984. Nucl. Acids Res. 12:8711-8721) and adding to BIN 19 the nopaline synthase 
polyadenylation signal (nos ter) isolated as a Sst l - Eco Rl 260 bp restriction fragment from the plasmid 
pRAJ 221 (available from Clonetech Laboratories, "Palo Alto, CA, USA) and inserting this nos ter fragment 
into the Sst I - Eco Rl restriction sites of BIN 19. The resultant plasmid vector was called PAL 1001. The 
promoterlrbm pPAL"0408 was added to PAL 1001 by cutting pPAL 0408 with Sa[ I and Sst I and cloning 
this promoter-poly linker containing fragment in the vector PAL 1001 using the Sal 1^ and Sst I sites of PAL 
1001. A binary transformation vector PAL 1107 was constructed. 

The details of the construction of PAL 1107 are shown in figure 3. This vector has (in a 5 to 3 order 
the promoter from clone L 4, followed by a portion of the poiylinker from PGEM-4Z containing the following 
restriction sites: Bam HI, Sma I, Kpn I and Sst I followed then by the nos ter. This vector allows for the 
convenient insertion of DNA fragments for transcription under the control of the pollen specific promoter 
isolated from clone L 4. 

To this PAL 1107 vector was added a coding region fragment of clone L 4 in the antisense orientation 
by digesting pPAL 0402 with Bam HI and Hinc II and ligating this 1.68 KG coding region restriction 
fragment to Bam HI - Sma 1 cut PAL 1107. This construction was mobilized into Agrobacterium 
tumefaciens. fi ^A^bacterhjm~ strai n GV 3101 carrying the Ti plasmid pMP 90 (Koncz, C. and Schell, 
_1986, -Mol.-Gen.-Genet-204:383-396) to provide the vir functions'in trans was used as a recipient this binary 
vector (PAL 1107 containing the antisense restriction fragment) by delivery of the binary vector through , 
tripartite mating and kanamycin selection on minimal media. Binary vectors allowed for the selection of 
transformed plants by the virtue of carrying the NPT II (neomycin phosphotransferase) gene under the 
control of the nos promoter providing for resistance to kanamycin and G418 in transformed plant cells. 

Transformation of Brassica napus plants with this antisense gene was accomplished by cocultivation of 
thin epidermal layers from stems of Brassica napus , cv. Westar. The cocultivation was performed using 
surface sterilized stem epidermal layer peels as follows. The upper three internodes of the stem of plants 
that had fully developed bud clusters but whose buds had not yet opened (but were within 1-3 days of 
doing so) were surface sterilized by rinsing in 70% ethanol for 5 to 6 seconds followed by 2% sodium 
hypochlorate for 10 minutes and then three times in sterile distilled water. Segments were cultured for 1 
day on modified MS media in which NH*N0 3 was replaced with 60mM KNOa and having, in addition B5 
vitamins with 40 mg per 1. of FeEDTA as a source of iron, 0.5 mg per 1 - naphthalene acetic acid and 10 
mg per 1 benzyl adenine with 3% sucrose and 0.8% agar, pH 5.8. This modified medium is hereinafter 
referred to as EPL. All cultures were maintained under continuous light (approximately 70 uE per sq.m per 
sec). After, this period of time, the explants were removed from the surface of the culture media and 
exposed to the Agrobacterium strain carrying PAL 1107 into which the 1.68 Kb Bam Hil - Hinc III fragment 
of L 4. was inserted. This was done by using sterile forceps to place the explant in contact for a few 
moments with a confluent layer of bacteria that was growing on the surface of "a petri plate. The bacteria 
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were grown in minimi media containing kanamycin at 

few seconds the -^^^"EX Sa in" 0^ per m^anarnycin and 20 uM 
J.E., 1974, Jour. Gen M.crob 10 L 84. J 88 1 98) c °"^ 9 ^ on sterile {ilter pap er and placed on 
• acetosyringone], with sim.lar results. The ep.dermal »y^«™ 0 0 , h {eeder , ayer) {rom a 

a plates mat contained EPL. These plates were = ^ ^ f p a P Tupon wh ch the epidermal iayers 
cel. suspension of Ni?^ the SQgments were 

. were placed. After a max.mum o ^J^t^ZTlaper. This media containe d in addition to the 

SSSl^^^ of — d *~ ce,,s and 500 U9 

-^^^ - 

>e NPT II enzyme. ^^.^^^^^^M and - naohthaiene acetic 
containing.2% sucrose, 0.8% agar and 0.5 m 9 ^ 1 n 0t ^ tn in a mist ing chamber for 7 days. The 
acid. After rooting, the plants were ^"f^ 

Example 2 ' . ■ 

20 ' ' «. „ mQ nmmntef a o i n examole 1 and a different pollen specific sense coding 

n from Cone L ,9. This fragment was first made **^f c °;J^ ™ ^ 6 „,„«, ,„ fragment in the 

peels as described above. _ 
Example 3 

gene (Grilz and Dav.es. 1983 Sens 25.179 185r "™ ' s< "° B|N , 9 imo „„,,.„ has teen added a 

Scofield ol Ihe Plant Breeding Instate. Cambridge , U-^£" ™ ' "X-ansferase gene followed by the 
CaMV 35S promoter controlling the expression of the "vgrOTyon P h0 »"™."™ £ he si „ Bam H l 

chained said .ragmen, in ^ZZZT^M^X STs ormln "a plan, that had been 
This vector was used tor the production of male sterile pants y to the 

previously ""^^^^JE^St C 

intact pVU10,1 vector confers hygromycn ^^SSwce. To insert a DMA 

r " f ^'STpSST £ aT,7 d'ige'Sd wlth Sph I ruction 

from pRAJ 221. which contams the CaMV 35S P^f^^'^^J^pnAj 221 - with Hind III and 
g,ucuronidase) gene followed by the nos term.nator. ^^ b J rt re ^ 0 Xw«^ fragSSSt'Said 
Eco Rl restriction endonucleases and makmg th.s fr f9 m f"j n ^ 

in the middle of the NPT II gene in P VU1011 were ,aeni '" ea > kanamvc j n 0 r G418 by virtue of the fact 
, Cone confers resistance in the ^^^^^^^^ Gli gene provides a 

that the NPT II gene is interrupted by the presence ot tne ouo y 
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convenient expression marker for plant transformation. This clone was named pGUS-HYG. 

We now turn to the transformation of tobacco leaf discs with the vectors pGUS-HYG and PAL 
1107HYGAS. Both pGUS-HYG and PAL 1 1 07HYGAS were mobilized into Agrobacterium tumifaciens GV 
3101 containing pMP-90 to provide vir functions in trans by "tripartite, mating and selection on minimal 
media. Leaf discs were excised from leaves which were medium green and less than 8 inches long and 
were surface sterilized by exposure to ethanol for 5 to 6 seconds and subsequent exposure to a 1% 
solution of sodium hypochlorite for a few minutes or until the cut edge of the petiole turned white. Leaves 
were rinsed with sterile distilled water. Discs approximately 0.5 to 0.7 cm large were excised from the 
leaves with a sterile cork borer. The . leaf discs were placed on media consisting of 0.8% agar, MS salts, B5 
vitamins, 3% sucrose, 1 mg per 1. of benzyl adenine and 0.1 mg per 1 . of - naphthalene acetic acid. Discs 
were placed upper epidermis side down on this media. Cultures were maintained on a 16 hour photoperiod 
at 25 # C. After one day of culture, discs were removed and placed in a 10 ml overnight culture of 
Agrobacterium containing pGUS-HYG. The discs and bacteria were gently shaken for a few moments to 
insure bacterial contact with the leaf discs. The leaf discs were removed and blotted dry oh sterile filter 
paper and placed on new media. This media contained cefotaxamine at 500 ugs.* per ml., in addition to the 
ingredients of the first culture media, in order to kill the bacteria and also hygromycin at 50 ugs. per ml. for 
selection of transformed plant cells that carried the hygromycin phosphotransferase gene. Shoots were 
allowed to regenerate on this selective media from these expiants. After 3 to 8 weeks. cocuiture on selective 
media, shoots were large enough to be transferred "to rooting media. Plants were rooted on B5 media that 
contained: 0.8% agar, 2% sucrose and 0.5 mg per ml. of both naphthalene acetic acid and indole acetic 
acid. After rooting, plants were transferred to soil and kept in a misting chamber for 7 days and 
subsequently transferred to greenhouse growth facilities. Plants were fertilized weekly and watered daily 

until maturity. . - ; 

Transformed tobacco containing the sense hygromycin gene from pGUS-HYG was re-transformed with 
PAL 1 107HYGAS using the leaf disc procedure described above. Retransformed plant cells were exposed 
to hygromycin at 50 ugs. per ml. and kanamycin at 300 ugs. per ml. to select for the presence of both the 
hygromycin phosphotransferase gene from pGUS-HYG and the NPT II gene contained in PAL 1 1 07HYGAS. 
Regenerated plants were obtained from said cells that were resistant to both antibiotics and were grown in 
the presence of 50 ugs. per ml. of hygromycin by rooting in one-tenth strength MS salts in 0.8% agar 
containing hygromycin. Optionally it is possible to do a double transformation using both PAL 1 1 07HYG AS 
and pGUS-HYG, by coculturing the plant expiants with both bacteria containing each vector and selecting 
for doubly transformed cells using both kanamycin and hygromycin in the media. 



Example 4 \ 
In. this example we repeat the procedure used in example 3 with Brassica napus . 

The vectors described in example 3' were also used for the production of male sterile plants in Brassica 
napus. The vectors PAL 1107 HYGAS and pGUS-HYG were used forjr^sforj^^ 

layeTs.of Brassica-napus r cv.-W^ performed using surface sterilized stem 

epidermal layer peels as described in example 1. The vector pGUS-HYG was used for an initial 
transformation, then plants resistant to hygromycin were recovered. 

For the production of male sterile plants in the ptasmid PAL 11 07' HYGAS was used to retransform 
Brassica napus stem epidermal peels from plants that had been previously transformed to hygromycin 
resistance using the hygromycin phosphotransferase gene in pGUS-HYG. 

Retransformed Brassica napus plant cells containing the sense hygromycin gene from pGUS-HYG and 
the antisense hygromycin genelrT PAL 1107 HYGAS were exposed to hygromycin at 10 ugs. per ml. and 
^kanamycin at 100 ugs. per ml. to select for the presence of both the hygromycin phosphotransferase gene 
from pGUS-HYG and the NPT II gene contained in PAL 1 107HYGAS. Regenerated plants were obtained 
from said cells that were resistant to both antibiotics. 



Example 5 

In this example, we repeat the procedure used in example 3 with tomato. 

The vectors described in example 3 were used for the production of male sterile plants in tomato, 
Lycopersicon esculentum . The vectors PAL 1 1 07HYG AS and pGUS-HYG were used. Each vector was used 
individually for transformation by first "mobilizing the vector into' Agrobacterium tumefaciens LBA 4404 via 
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' ' D «13-A71 1-8721) Tomato plants resistant to hygromycin 
triparental mating (Bevan. ^^^^^.'^ S discs according to published procedures 
were first obtained by using pGUS-HYG to t *f orm j;™ 0 ' 9 * 'L^j leave s are surface; sterilized by 
. borsch et al. 1985 Science 227:1229-1231) " f ^J^^IuLn of 1% sodium, hypochlorite 

Ling with 70% ethano. for a few finally rinsing in steriieW Dscs 

5 for approximately 10 minutes or unfl the ^ °^J^j2d for one minute ; with gentle shaking m a 
are excised from the leaf with a ster e cork bo erand overn ight in standard bacterial med.a 

solution of Agrobacterium contam.ng the }™ sto ™^™™™ r f * eder , ayer as described in example 1 that 
LB) at pHlFfiielEs were blotted dry and p aced on afeede May ■ ^ and 0 . 3 mg . 

. . were present on. a media containing MS ? im e',discs were transferred to the same 

: media- without, a feeder .ayer and contammg .n add-on ta the no ^ P ^ ^ & 
cefotaxamine and 100 ugs. per ml ^anamyc n or vectors conta^ g ^ ^ ^ 

. marker, FQ^^ 

with °- 8% a9ar) anda,,owed to devetop 

mature. plants,. ; -- —•• - - v *nt« p A L-i 1 07HYGAS- was used to re-transform leaf tissue taken 
For the production of male stenle plant ^ ^1° 7 H resjstance using the hygromyan. 

from tomato plants that were prev.ously transformed » "ja J containing the sense hygromycm 
p osphotransfe'rase gene in pGUS-HYG. Retr ^ e ^^^ o^YGAS were se.ected for with 
20 gene from pGUS-HYG and the ant,sense W^"!^-^ to select for fa presence of both the 
hygromycin at 10 ugs. per ml. and kanamy cm at 100. ***J e contained in PAL 1 1 07HYG AS, 
hygromycin phosphotransferase gene from pGUS HYQ ana 
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Brassica napus (clone L 4). ™ mmMnis aaalutinin gene (Roberts et ai., JBC, 260:15682-15686) 

Apublished sequence of a Rjcinus comm ""' s .. a ^ f £ n gene from a genomic library of R^nus 
was used to construct a ricin specie probe sequence (amino acid 2 through 262 

zanzibarensis DNA. A DNA fragment cod.ng foMhe mature A endonuc|ease , ragrnent that 

was generated by exonuclease d.gesfon ^ of aj^ kd ^ ^ subc|oned as an Eco Rl 

contained the entire A chain codmg the clone containing the A chain codmg 

restriction endohuclease fragment ,n pG EM ^^JSwrt the B-chain ricin was done as follows^ The 
region is shown in figure 4. Deletion of ^^^^ Sac , restriction endonuclease and unid.rec- 
subdone was cut with Kpn I restne jon en d nucea and |a£ ^ ^ s(j and K]enow 

tionally digested with Exonuclease 111 The ^^2^ Sminator (purchased from Pharmacia P-L 
fragment, religated in the presence of a . unwersal ^ in all three' reading frames. 

end point, reading 5 to 3 , is as follows: ...... 

enC i universal 
codon terminator polyliaker 
5 • r CCG-GCTTAATTAATTAAGC-CGGGGATCCTTAG- 3 ' 



Bam HI site 
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fragment which codes for the A chain of Ricin was subcloned into Bam H[ restriction endonuclease cut 
pGEM-3! The inserted fragment was positioned so that the 5' end of the ricin A chain gene was next to the 
Xba I restriction endonuclease site in pGEM 3. This subclone was unidirectionally deleted with Exonuclease 
linbiiowing digestion of the clone with Pst I and Sal I restriction endonucieases. Following digestion, the 
digested DNA was treated with S1 nuclease "and Klenow fragment, and was reiigated in the presence of a 
palindromic oligonucleotide linker (sequence being: 5 - CATCGGATCCGATG -.3') such that the entire 
deletion could be excised from the plasmid with Bam HI restriction endonuclease and contains an ATG 
initiation codon. Deletion subclones were picked and sequenced and one was chosen that was deleted to 
amino acid residue 2 and had the sequence (reading from polylinker into the 5 end of the gene) 5-CCC 
GGG GAT CCG ATG TTC-3' whereas the. ATG codon specifies an initiation codon in frame to the mature A 
chain sequence and was introduced by the insertion of the palindromic oligonucleotide, linker and the last 
three nucleotides of that sequence code for a phenylalanine amino acid residue that is the second residue 
in the mature A chain of ricin. This was deduced by comparison of the sequence with previously published 
reports of the sequence of ricin. This clone was named pPAL AC and contained the ricin A chain gene 
excisable as a Bam HI fragment. This Bam HI restriction endonuclease fragment was subsequently cloned 
into PAL 1107 by the use of the single Bam HI restriction endonuclease site of the polyiinker of PAL 1 107. 
The 3' end of this A chain gene contained at its 3' end the three frame translation terminator such that only 
the A chain protein would be produced by this construct wherein the C terminal amino acids are: pro-ala- 
(stop). In between these newly created, N-terminal and C-terminal amino acid residues was the mature ricin 
A chain amino acid sequence as coded for by the deleted ricin gene. Vectors with this recombinant ricin 
gene in the opposite (antisense) orientation were also recovered (such vectors containing the antisense 
recombinant ricin gene are referred to as PAL 1107RICAS). Clones containing the recombinant ricin gene 
under control of the microspore specific promoter in PAL 1 1.07 and in the sense orientation were named 
PAL 1107RIC. * . 

The PAL 1107RICAS and PAL 1107RIC were used to transform plants of the species Brassica napus 
according to the method described in example 1 . 

Example 7 

In this example, we use the same procedure used in example 6, however, we use a truncated version of 
Ricin A chain gene. 

A truncated version of the ricin A chain gene of pPAL-AC was isolated by digesting pPAL-AC with Bam 
HI and Bgl II. This releases an A, chain fragment containing a Bam HII site preceeding the ATG start, and 
the first~196~amino acid codons of the mature A chain sequence. This fragment was cloned into the Bam HJ 
site of PAL 1107 and a clone containing the gene in the sense orientation was recovered. This clone (PAL 
1107 containing the truncated A chain gene) was digested with Sma I, phosphorylated with alkaline 
phosphatase and reiigated in the presence of the universal translation terminator described in. example 6. 
Clones containing this terminator inserted into the Sma I site were recovered and were named PAL 1 07 
AC. PAL 1107AC jwas„ used. Jo^ transform- Bras^ in 
^example 1 . 

Example 8 

In this example, we use the same procedure used in example 7 to transform tobacco. 
The vector PAL 1107AC was used to transform tobacco leaf discs as described in example 3. 
Transformed plants containing the truncated ricin A chain gene were recovered. 

Example 9 

In this example, we use the same procedure used in example 7, to transform tomato. 

The vector PAL 1107AC was used to transform tomato leaf discs as described in example 5. 

Example 10 
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recovered. 
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Example 12 
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~"~ 8 example, we inactivate a po.-en specific gene derived from Bass^a napus (Cone L 19) using 
antisense DNA uSpar the control of the CaMV MS «^ a J^£ ed by tne US9 of a promoter that is 
The use of antisense RNA to control promoter will be transcribed in all 

functional in all tissues such that any gene place lunder ^ ef in the plasmi d pRAJ 221 was 

cells of the plant. In this example the ^^J^^S S Kb Hind III restriction endonuclease 
used to produce antisense RNA * ™STd* Intense oTiintation to this promoter. This 

fragment containing coding sequence from L 19 cloned m tne . Ca , jflower Mosaic v.rus 

was accomplished by digesting pRAJ-221 wrth Hgd III and Xba a a a vector (pAL 

355 promoter fragment into Hind 111 - Xba I cut PAL 1001 , |jnker {rom BIN 19 located 

,007) into which fragments.can be 9^T^^ flTnS^^ ^ was used to cut PAL 1007 and 
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Example 13 
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In this example, we inactivate a different po.len specific gene dedved from Brassy napus (clone 4) 
using an sense Sna under the control of CaMV .368 ^^^^ a prorn oter functional in all- 
The use of antisense RNA to control ^^ p ^X^^ Bam HI and Sma I. To this 
tissues such as that ^^/^^^^^^Z ^ This vecto7(PAL 13liTcarries the 
vector was added the 1.68 Kb Bam HI - ^ " fra ^ n * used t0 transform Brassica napus stem 

coding region of L 4 in the ant.sense or.en at on. PAL 1131 wa us 

epidermal layer peels as described in example 1 . 

Example 14 

-The inducible - shocK promoter ^ 

Meselson.M.. Harvard University and described m bv* ^J^ 9 ™ ' and cloned int0 Hind III - Prt I 
5617) was isolated as a Hind m - Pg ^J^^SS Sment was excised as a"H^ HI - Sma 
, restriction endonuclease cut pQEM 4Z. The heat shock prom ^ ^ a 

. , fragment and cloned into Hind ^^S^^^J^Za the nos ter. The Sma I restriction 
'--..he* shock promoter followed by a I^^^^S^a 1-3 Kb Hind III restrictuSrendonuclease 
^endonuclease site in PAL 1009 was used for the cloning , 
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fragment containing coding sequence from L 19 following the making of this 1.3 Kb fragment blunt end with 
Klenow fragment The clone containing sequence in the antisense orientation was determined by restriction 
mapping. This vector was named PAL 14Q3. This vector was used for transformation of Brassica napus. 
following procedures detailed in example 1. 



Example 15 „ 

In this example, we inactivate the actin gene, a gene that is critical to cellular function and development 
in all metabolically competent cells. We use an antisense version of said actin gene under the control of a 
pollen specific promoter derived from Brassica napus (clone L 4). 

The use of a pollen specific promoter to direct the synthesis of antisense RNA causing male sterility 
was accomplished by inserting an actin gene in the antisense orientation under the control of the pollen 
specific promoter in PAL 1107 by using pSAc3, a soybean actin clone to provide an actin coding region. 
(pSAc3 was provided by R. Meagher) The coding region of actin was isolated as a Eco Rl-Tag I fragment 
made blunt ended and inserted into Sma I cut PAL 1107. Clones containing the gene in' the antisense 
orientation were chosen and named PAL 1 10*7 ASac. This vector was used to transform Brassica napus stem 
epidermal layer peels using the method outlined in example 1. 

Example 16 

In this example we use the same procedure used in example 15 with tomato. 

PAL 1107ASac was used to transform tomato leaf discs using the method of example 5. 



Example 17 

In this example, we use the same procedure used in example 15 with tobacco. 
PAL 1107Sac was used to transform tobacco leaf discs using the method described in example 3. 



Claims 

1. A method of producing hybrid seed from plants selected from those species of pollen producing 
plants which are capable of being genetically transformed comprising the steps of: 

(a) producing a genetically transformed plant by: 

(i) inserting into the genome of a plant cell of said pollen producing plant which is capable of being 
regenerated into a differentiated whole plant, one or more recombinant DNA sequences comprising 

-antisense DNA which-block the-production of functional pollen grains or render the~developing pollen grains 
susceptible to a chemical agent or physiological stress which blocks the production of functional pollen 
grains; 

(ii) obtaining a transformed plant cell of said plant; and 

(iii) regenerating from said plant cell a plant which is genetically transformed with said DNA sequences 
described in (a)(i) above and which is male sterile or carries the male sterile trait; 

(b) increasing the number of genetically transformed plants by: 

(i) fertilizing the genetically transformed plant described in step (a) with pollen produced by a suitable male 
fertile plant, in a manner to effect a seed increase of genetically transformed plants; or 

(ii) clonal proppgation of said genetically transformed plant described in step (a) using tissue explants 
thereof, or other in vitro propagation techniques 

(c) effecting a hybrid cross by pollinating said genetically transformed plants with pollen from suitable 
male fertile plant donors. 

2. The method of Claim 1 wherein step (a) is accomplished by: * 

(a)(i) identifying and isolating, preferably from said pollen producing plant a sense gene or a coding 
sequence that is critical to pollen formation or function in said plant; 

(ii) inserting into the genome" of a plant cell of said plant that is capable of regeneration into a differentiated 
whole plant a gene which confers on said plant resistance to a chemical agent or physiological stress and, 
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'#£?j&&S2frm» m * to' the RNA sequence encoded by sa* 

, about the am. ot transcription of the RNA encoded by said sense gene or oottg sequence, and 
£fa1en*inator sequence which defines a termination signal, dunng. transcription ot said of said DNA 

sequence; * ~ 

described. in step (a) ii) above and which is male sterile; and 
• ,^?L£^3£S2X&« ■> •*<•> 'V) above with suitable male plant: 

- ~ s'^a' So^eTS^^ «> - 

presence °( saS chemical a 

ene^at^-^ plants'* pol.en trom suitab* ma» tertiie don„s.. 



n The m^thnri of claim 1 wherein step (a) is accomplished by: 1 
SrS^ S isolating, prefe'rab.y from said po.len producing plant, a sense gene or coding 
cpntiPnce that is critical to pollen formation or function in said plant; 
' i^eXg into the genome of a plant ce.l of said plant that is capabie of regenerat.cn mto a d.fferenfated 
25 whole plant a recombinant double stranded DNA molecule comprising: n , nHo H h» «iri 

(A ] a &NA sequence that codes for RNA that is complimentary to the RNA sequence encoded by sa.d 

^feCSS^*^ in. said plant cel. to cause sequence- 
into RNA during the time of transcription of said sense gene or coding sequence; and preferab y 
3 o (Qa terminate? sequence which defines a termination signal during transection of sa.d DNA sequence 

E Sntr^^^^ - ^ca,* transformed with said doub, 

{ lSmT JLle described in (ii) above and can.be rendered- male sterile by sa,d inducer; 

J incr ^rrn^ P'-s b V growing the geneticaUy 

described n step (a)(iv) above in the absence of the relevant inducer to produce a- ma.e-fert.le , plant 
perSr g .relSertiliUlion and growing seed of such a plant; over a number of generations, .n the absence . 
"of the inducer to increase the number of genetically transformed plants; . 

«, effectiS^™ Z ^^et^.y,ransformed p.ants alongside p.ants of a suitable line* 
nSe fertife donors in the presence' of the relevant inducer during pollen formafon in order to produce male 
- : sterile plants and permit cross-pollination of said male sterile plants. ■_ _._ _.. 

, 4. The method .of claim 1, wherein step a) is accomplished by: \ . ■ . . .. ;. „• 
faim insertinq concomitantly or independently, into , the genome of a plant cell of sa.d pollen 

physiological stress and a recombinant double stranded DNA molecule compnsmg: , 
(A) a DNA sequence, that codes for RNA that is complimentary to the RNA sequence encoded by sa.d 

S ° (B)Tp 9 ot.en specific promoter which functions in said plant cel. to cause transcription of said DNA sequence 

. ^^^t^e ^ ^nes a termination signa. during transcription of ^DN^equ^ 
. Sob a ning a plant cell of a plant which has been transformed with the genes des cnbe d instep (, above 

) regenefating from said transformed, plant cel. a plant which is genetically transformed w lth the genes 
.-descnXd in step (i) above .and ean be rendered male sterile by said . chem.cal agent or stress v 
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(b) and wherein step b) is accomplished by: 

i) growing the genetically transformed plant described in step (a) (iii) above in isolation from the same 
s t r ess or chemical agent to produce a self-fertile plant; . . . ' * 

ii) permitting self-fertilization; and 

5 iii) growing seed of such self-fertile plant, over a number of generations in isolation from the same stress or 
chemical agent to increase the. number of genetically transformed plants; 

(c) and wherein step c) is accomplished by: 

effecting a hybrid crossing growing "said genetically transformed plants alongside plants of a suitable line of 
male fertile donors in the presence of the same stress or chemical agent during pollen formation to produce 
w male sterile plants and to permit pollination of said male sterile plants. 

5. A method of producing a male sterile plant from a plant selected from those species of pollen 
producing plants which are capable of being genetically transformed, which method comprises the steps of: 

(a) identifying and isolating, preferably from said plant, a sense gene or coding sequence, that is 
75 critical to pollen formation or function in said plant; 

(b) : inserting into the genome of . a plant cell of said plant that is capable of regeneration into a 
differentiated whole plant, a recombinant double stranded DNA molecule comprising: 

(i) a DNA sequence that codes for RNA that is complimentary to the RNA sequence encoded by said sense 
gene or coding sequence; ; 
20 (ii) a promotor which functions in said plant cell to cause transcription of said DNA sequence into RNA at 
about the time of transcription of said sense gene or coding sequence; and preferably 
(iii) a terminator sequence which defines a termination signal during transcription of said DNA sequence. 

(c) obtaining a transformed plant cell in said plant; and 

25 (d) regenerating from said transformed plant cell a genetically transformed plant which is male sterile. 

6. The method of claim 5 wherein said sense gene is expressed only in pollen. 

7. The method of clajm 2, 5 or 6 wherein said sense gene comprises the sequence of nucleotides, 600- 
2430, shown in figure 2a. 

3d . 8. The method any one of claims 2, 4, 5 or 6 wherein said promotor is the promotor of the sense gene. 

9. The method of claim 5 or 6 wherein said promotor is an inducible promotor that can be induced by 
the application of a known chemical or a temperature stress. 

10. A method of producing a male sterile plant from a plant selected from those species ,o1 pollen 
bearing plants that are capable of being genetically transformed which method comprises the steps^of: 

05 (a) identifying and isolating preferably from said pollen producing plant, a sense gene/or coding 

sequence that is critical to cellular function or development and expressed in metabolically competent cell 
types; ... 

(b) ' inserting into the genome of a plant cell a recombinant double stranded DNA molecule 
40 _ comprising: - — : - " — - 

i) a DNA sequence that codes for RNA that is complimentary to the RNA encoded by said sense gene or 
coding sequence; 

ii) a pollen specific promoter which functions in said plant cell to cause transcription of said DNA sequence 
* ' into RNA in a time frame which enables said RNA to block the function of the RNA encoded by said sense 

45 gene or coding sequence; and preferably ■ 

iii) a terminator sequence which defines a termination signal during transcription of said DNA sequence; 

(c) obtaining a plant cell. that. has been genetically transformed with said DNA sequence; 

, , ■ (d) regenerating from said transformed plant cell a genetically transformed plant which is male sterile. 

.so 11. A method of producing hybrid seed from plants selected from those species of pollen producing 
plants which are capable of being genetically transformed comprising the steps of: 

(a) producing a male sterile plant by: ' . 

i) identifying and isolating preferably from said pollen ^reducing plant, a sense gene or a coding sequence 
. that is critical to celular function or development and expressed, in metabolically competent cell types, ii) 
55 inserting Jnto the genome of a plant cell of said plant that is capable of regeneration into a differentiated 
whole plant, a gene which confers said plant on resistance to a chemical agent or physiological, stress and, 
linked to said gene, a recombinant DNA sequence comprising: - 

(A) a DNA sequence'that codes for RNA that is complimentary to- the RNA sequence encoded by said 
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sense gene or coding sequence; transcription of said DNA sequence into RNA in a 

described in step (a)(ii) above and which is male sterile; and 

(b) increasing the number of ^fo^^^^^ a sujtablQ male fertile piant; 

ro - i)-crossing the genetically, transfer^ 

ii) US ing a chemical agent or P^^^^> se ed produced by such cross; and 
described in step (a)(ii) above among ^^^^2 p ants obtained as in step (b)(ii) above in the 

iii) repeating..such a cross over several g^^^ 

PrSSe T~ Steri19 P,3ntS W " P0,,9n ,r ° m 3 SUitab ' 9 



fertile donors 



20 



25 



30 
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, 2 , A m of nod o, product a m.1, storiie tSS SS^ 

ccd^Veouenoe that is cridca. to polion j£ Sable o, belno. rogonorated into a 

s ,d K^rr^^ - *• rna ^ by said sense ■■ 
?n sssii. * - p<-< - <° r 9 rr p ,,on °* said DNA sequwc ** RNA a 

13 A method 0. prododno. hybrid seed „om plants sealed <rom « S e speoiea o, pollen prodnoino. 

,„ JK^XSSSWt said P«n produdno plan, a sense oene or cod,n 3 „ 
that is critical to pollen formation or taction m sa,c I pter ^ ^ tejng rege „ stale<1 int0 , 

%Z2%ZT<ZT£ ^colr^S Pian, — to a cKemic. ***** 

' 2 *Sr,aCS'™d SslSrned ^ 2 fp*. is g ene«ca„ y —ed »,«, the fl en.s 
described in step (a)(ii) above and is male sterile; and 

. ,„ c ,oSrr^^ — - a — * mai ° ,e * 

P ,ant '' u • ctrp^ to --rminate plants which do not contain the genes 

ni> using said chemical agent or phys.olog.cal stress 10 ;'^^ e p h cross; and 

described in step (a)(ii) above among ^^^^^Z^L as in step (b)(ii) above in 
(iii) repeating such a cross over several Urease the numbers of male sterile plants; 



55 

donors," 
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14. The method of claim 11 or 13 wherein said suitable male fertile donors used in step (c) are resistant 
to said chemical agent or physiological stress. 

15. The method of claim 2, 10, .11, 12, 13. or 14 wherein the selective agent is a herbicide. 

16. The method of any of one of claims 2, 10, 11. 12, 13, -14 or 15 wherein the selective agent is 
5 giyphosate or chlorsulfuron. 

17. A method of producing hybrid seed with restored male fertility among plants selected from those 
species of pollen producing plants which are capable of being genetically transformed comprising the steps 
of: 

(a) producing a male sterile plant by; 

70 (i) identifying and isolating preferably from said pollen producing plant, a sense gene or coding sequence 
that is critical to pollen formation or function in said plant; 

(ii) inserting into the genome of a plant cell of said plant that is capable of being regenerated into a 
differentiated whole plant, a recombinant double stranded DNA molecule comprising: 

(A) a DNA sequence that codes for RNA that is complimentary to the RNA sequence encoded by said 
rs sense gene or coding sequence; 

(B) an inducible promotor which functions in said plant cell to cause transcription of said DNA sequence 
into RNA during the time of transcription of said sense gene; and preferably 

(C) a terminator sequence which defines a termination signal during transcription of said DNA sequence 

(iii) obtaining a transformed plant cell of said plant; and 

20 (iv) regenerating from said transformed plant ceil a plant which is genetically transformed with said double 
stranded DNA molecule described in (ii) above and is capable of being rendered male sterile by said 
inducer; • 

(b) increasing the number of genetically transformed plants by: .. . 

(i) growing the genetically transformed plant described in step (a)(iv) above in trie absence of the ' relevant 
25 inducer to produce a male fertile plant; and 

(ii) permitting self-fertilzation; and . ■ 

(iii) growing seed of such a male fertile plant, over a number of generations, in the absence of the relevant 
inducer to increase the number of genetically transformed plants; h ' 

(c) pollinating said genetically transformed plants in the presence of the relevant inducer during 
.30 pollen formation with pollen from a suitable line of male fertile donors. . 

18. The methods of claim 12, 13 or 17 wherein said sense gene or coding sequence is expressed only 
in pollen. . , \ 

19. A method of producing a male sterile plant from a plant selected from those species of pollen 
35 producing plants which are capable of being genetically transformed, which method comprises the steps of: 

(a) inserting into the genome of a plant cell of said plant that is capable of being regenerated into a 
differentiated whole plant, a recombinant double stranded DNA molecule comprising: 

(i) a pollen specific promotor; 

(ii) a DNA sequence that codes for a cytotoxic molecule; and ^ • - ^ - - 

40 ~ (iii) a -terminator sequence which defines a termination signal "during transcription of said DNA sequence. 

(b) . obtaining a transformed piant cell; and 

(c) regenerating from said transformed plant cell a genetically transformed plant which is male sterile. 

20. A method to produce hybrid seed with restored male fertility from plants selected from those 
45 species of pollen producing plants which are capable of being genetically transformed comprising the steps 

of: 

(a) inserting into the genome of a plant cell of said pollen producing plant that is capable of being 
regenerated into a differentiated whole plant, a gene which confers on said plant resistance to a chemical 
agent or physiological stress and linked to said gene a recombinant double stranded DNA molecule, 
so comprising: 

(i) a DNA sequence which codes for cytotoxic molecule; 

(ii) a pollen specific promoter which functions in said plant cell to cause transcription of said DNA sequence; 

and ■ '■ 

(iii) a terminator sequence which defines a termination signal during transcription of such DNA sequence. 
55 (b) obtaining a transformed plant cell; 

(c) regenerating from said plant cell a genetically transformed plant which is male sterile; 
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75 



20 



(d) increasing the number genet.ca.ly J™*^ s top cMbove with a suitabie ma.e fertile plant; 
i) crossing the geneticaly transformed plant desaibed '"^^V whjch do not contain the genes 
„) using, a chemica. agent or phy^og. ^J^^^ZZ^ cross; and 
described in step (a) above among plants ^"^'^f^nte-otiined as in step (d) ii) above in the 
iii) repeating such a cross over several ^^^J^^^2rib»n of male sterile plants; 

prese 7^ — from th9 same species a 

^ ™ ^ to - SeqUenC9 C ° din9 " S3id 

l^^eTw^ 

^ .^ ^on of the DN A seance 

described in step (e)(i) above; _ 

^eS£<^ 
formed male fertile plant. . . , nenetica || v transformed male fertile plant to self 

transformed male fertile plants. 

S , The merhod 0. ciarms '» or 24 — - SWenM 
which comprises th. sequence of nucleotides. a sheeted from ^ 

comprises the steps of: caD able of being regenerated into a differentiated 

** "fc into the genome o, a pian, eei, - «d *~ ^ £ ^ufe ^T'" 9 

« fpEWc promoter which .unctions in said pian, e.ii .o causa transcription o,sa M DNA sequence 
(d) obtaining a transformed plant cell; and genetically transformed with 



chemical agent or stress 
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Cinserc^^^ 

:srssr^sr^ ^ 9 *»-«- — - • 

S^rSspec* promoter which .unctions in said p« cai, «o cause transcription o. said DNA serene. 

* — ^nal durino ,ranschp«on o, said DMA sequence, 
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ii) obtaining a plant cell of a plant which has been transformed with the genes described in step (i) above; 

iii) regenerating from said transformed plant cell a plant which is genetically transformed with the genes 
described in step (i) above and can be rendered male sterile by said chemical agent or stress; 

(b) increasing the number of genetically transformed plants: 

i) growing the genetically transformed plant described in step (a)(iii) above in isolation from the same stress- 
or chemical agent to produce a selHertile plant; 
iii) permitting self-fertilization; and 

iii) growing seed of such self-fertile plant, over a number of generations in isolation from the same stress or 
chemical agent to increase the number of genetically transformed plants; 

(c) effecting a hybrid crossing growing said genetically transformed plants alongside plants of a 
suitable line of male fertile donors in the presence of the same stress or chemical agent during pollen 
formation to produce male sterile plant and to permit pollination of the male sterile plants. 

24. The method of claims 4, 22, or 23 herein said pollen specific promotor consists of DNA sequence 
which comprises the sequence of nucleotides, 1-595 in figure 2a, or a functional fragment thereof. 

25. The method of any one of claims 4, 22, 23 or 24 wherein said physiological stress is a herbicide. 

26. The method of claim .4, 22 or 23 wherein said physiological stress is hygromycin and wherein said 
sense gene comprises: 

(i) a pollen specific promotor; 

(ii) a DNA sequence which codes for the production of hygromycin phosphotransferase; and 

(iii) a termination sequence which define a termination signal during transcription of said DNA 
sequence. * 

27. A method of producing hybrid seed from plants selected from those species of pollen producing 
plants which are capable of being genetically transformed comprising the steps of: 

(a) producing a male sterile plant by: 

(i) identifying and isolating, preferably from said pollen producing plant, a sense gene or coding sequence 
that is critical to pollen formation or function in said plant; / 

(ii) inserting into the genome of a plant cell of said plant that is capable of being regenerate^ into a 
differentiated whole plant a recombinant double stranded DNA molecule comprising: 

(A) a DNA sequence that codes for RNA that is complimentary to the RNA sequence encoded by the said 
sense gene or coding sequence; 

.(B) a promotor which functions in said plant cell to cause transcription of said* DNA sequence into RNA at 

about the time of transcription of said sense gene or coding sequence; and preferably 

(C) a terminator sequence which defines a termination signal during transcription of said DNA^sequence 

(iii) obtaining a transformed plant cell of said plant and 

(iv) regenerating from, said transformed plant cell a genetically transformed plant which is male sterile; 

(b) producing a male sterile line by clonal propagation of said genetically transformed plant using 

cells derived from tissue explants of said genetically transformed pjant; - . - 

(c)""growing~plaffi^^ alongside"plants of a suitable line of male fertile donors to 

permit pollination of the male sterile plant. — -.-.*'.. 

28. The method of any of one of claims 1 to 27, wherein the selected pollen producing plant is a plant 
of the species Brassica napus or Brassica campestris . 

29. The method of any one of claims 1 to 27 wherein the selected pollen producing plant is of the 
genus Brassica . 

30. The method of any one of claims 1 to 27 wherein the selected pollen producing plant is of the 
family Cruciferae . 

-31. The method of any one of claims 1 to 27 wherein the selected pollen producing plant is of the 
family Solanacae 

32. A pollen specific promotor which consist of a DNA sequence comprising the sequence of 
nucleotides 1-595 in figure 2a or a functional fragment thereof. 

33. A plant which has been transformed with a recombinant DNA molecule which comprises: 

(a) a DNA sequence that codes for RNA that is complimentary to mRNA encoded by a gene or 
coding sequence that is essential to cellular function or development in metabolicaliy competent-cell types; 

(b) a pollen specific promoter which functions in said plant to cause transcription of said DNA 
sequence into RNA in a time frame which enables said RNA to block the function of the RNA encoded by 
said gene or coding sequence; and preferably 
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(c) a terminator sequence which defines a termination signal during transcription ofs said DNA 
sequence. 

- 34. A plant which has been transformed with a double stranded DNA molecule comprising: _ 
5 (a) a DNA sequence that codes for RNA that is complimentary to the RNA sequence encoded by a 

sense gene which is critical to pollen formation or function, in said plant: _ . N 

(b) a promoter which functions in said plant to cause transcription of sa.d DNA sequence into RNA at 
about the time of transcription of said sense gene; and 

<c), a terminator sequence which defines a termination signal dunng .transection of sa,d DNA 

w" sequence: - — 7- — '•- — ~=— • — — — — — - —— ■ •-. — — — - -■- — 

35 A plant which has been transformed with a double stranded DNA molecule comprising: . . 
(a) a_DNA sequencejhalcodes ; for RNA That j^rnpjimentary to the RNA sequence encoded by a 
.s.an«!P aerie which is critical to pollen formation or. function in said ."plant; 
„ "■^ta^fpromote which functions in said plant to cause transcription of. said DNA sequence 
; - - - into RNA during the time of transcription ofsaid sense gene^ and , . . 

(c) a terminator sequence which defines a termination signal during transcr.pt.on of sa.d DNA . 

sequence. 

20 36 A plant which has been transformed with a double stranded DNA molecule comprising: . ■ 

(a) a DNA sequence which codes for RNA that is complimentary to an RNA sequence encoded by a 
gene coding for a cytotoxic molecule; 

(b) a pollen specific promotor; and .- /. ' . ^ nm 
" (c) a terminator sequence which defines a termination signal dunng transcription of said DNA 

25 sequence. 

37. A plant which has been transformed with: . - ^ lirrfr , rt 

(a) a sense gene which confers on said plant resistances a chemical agent or a naturally occurring 
or artificially induced physiological stress; and . . . " « ' 

(b) a recombinant double stranded DNA molecule comprising: (i) a DNA sequence that codes for 
RNA that is. complimentary to the RNA sequence encoded by said sense gene; 

(ii) a pollen spedfic promotor which functions in said plant cell to cause transcription of sa,d DNA sequence 
into RNA; and.(iii) a terminator sequence which defines a termination s,gnal during transcription of said DNA 
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sequence. 

38. A plant which has been transformed with: . _ . 

(a) a gene which confers on said plant resistance, to a chemical agent or phys.ological stress; and, 

linked to said gene . 

(b) a gene comprising: • 
(i) a DNA sequence that codes for RNA.that is complimentary to the RNA sequence encoded by a sense .- 
gene which is critical to pollen formation or function in said plant; . . . 
Oira promotorwhich functions in said-plant cell to cause4ranscription j*.sa,^ 
about the time of transcription of said sense gene; and . 
(Hi) a terminator sequence which defines a termination signal during transcription of said DNA sequence. 

" 39 A plant as defined in any one claims 34, 35 or 38 wherein said DNA sequence codes for RNA that 
is complimentary to the RNA sequence encoded by a sense gene that is expressed exclusively m pollen 
tissue of said plant. 

40 Hybrid seed containing ¥ stranded DNA molecule comprising: JJU 
so (a) a DNA sequence that codes for RNA that is complimentary to the RNA sequence encoded by a 

sense gene which is critical to pollen formation or function in a plant grown from said seed; _ 

. (b) a promotor. which functions in said plant to cause transcription of said DNA sequence into RNA at 
about the time of transcription of said sense gene; and . ., nwi 

(c) a- terminator sequence which defines a termination signal dunng transcription of said DNA 

55 sequence. * . . 

lv 41. Hybrid seed containing a 'double stranded DNA molecule comprising:' 
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(a) a DNA sequence that codes for RNA that is complimentary to the RNA sequence encoded by a 
sense gene which is critical to pollen formation or function in a plant grown from said seed; 

(b) an inducible promotor which functions in said plant to cause transcription of said DNA sequence 
into RNA during the time of transcription of said sense gene; and 

(c) a terminator sequence which defines a termination signal during transcription of said DNA 
sequence. 

42. Hybrid seed containing a recombinant DNA molecule comprising: 

(i) a DNA sequence which codes for a cytotoxic molecule; 

(ii) a pollen specific promoter which functions in said plant ceil to cause transcription of said DNA sequence; 

(iii) a terminator sequence which defines a termination signal during transcription of said DNA sequence; 
and a recombinant DNA molecule comprising: 

(a) a DNA sequence which codes for RNA that is complimentary to an RNA sequence encoded by 
said gene coding for cytotoxic molecule; 

(b) a promoter which causes transcription of said DNA sequence into RNA at about the time of 
transcription of said gene coding for the cytotoxic molecule; and 

(c) a terminator sequence which defines a termination signal during transcription of said DNA 
sequence. 

43. Hybrid seed containing DNA comprising: 

(a) a sense gene which confers on a plant grown from said. seed resistance to a chemical agent or a 
naturally occurring or artificially induced physiological stress; and 

(b) a recombinant double stranded DNA molecule comprising: , 

(i) a DNA sequence that codes for RNA that is complimentary to the RNA sequence encoded-by said sense 

gene; ' " ' ' , 

(ii) a pollen specific promotor which functions in said plant cell to cause transcription of said DNA sequence 

into RNA; and 

(iii) a terminator sequence which defines a termination signal during transcription of said DNA sequence. 

44. Hybrid seed containing DNA comprising: 

(a) a gene which confers on a plant grown from said seed resistance to a chemical agent or 
physiological stress; and, linked to said gene 

(b) a gene comprising: 

(i) a DNA sequence that codes for RNA that is complimentary to the RNA sequence encoded by a sense 
gene which is critical to pollen formation or function in said plant; 

(ii) a promotor which functions in said plant cell to cause transcription of said DNA sequence into RNA at 
about the time of transcription of said sense gene; and 

(iii) a terminator sequence which defines a termination signal during transcription of said DNA sequence. 

45. ~The~seed as defined" inHany one of claims 40T 41 or"44 wherein said DNA"s"equence codes~for RNA 
that is complimentary to the RNA sequence encoded a sense gene that is expressed exclusively in pollen 
tissue of said plant. 

46. Hybrid seed containing a recombinant DNA molecule which comprises: 

(a) a DNA sequence that codes for RNA that is complimentary to mRNA encoded by a gene or 
coding sequence that is essential to cellular function or development in all metabolically competent cell 
types; 

(b) a pollen specific promoter which functions in a plant grown from said hybrid seed to cause 
transcription of said DNA sequence into RNA in a time frame which enables said RNA to block the function 
of the RNA encoded by said gene or coding sequence; and preferably 

(c) a terminator sequence which defines a termination signal during transcription of said DNA 
sequence. 

47. A plant which has been transformed with a pollen specific promotor comprising the sequence of 
nucleotides, 1-595 in figure 2a or a functional fragment thereof. . 

48. A plant which has been transformed with a recombinant double stranded DNA molecule comprising 
the sequence of nucleotides, 600-2430, in figure 2a. _ ■ 

49. A double stranded DNA molecule consisting of the sequence of nucleotides, 600-2430 in figure 2a. 

50. A cell line produced from the genetically transformed cells of any one of claims 1 to 31. 
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51. The method of claim 20, wherein said genetically transformed male fertile plants used in step (i) are 
resistant to said. chemical agent or physiological stress. ' 
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Figure 1 
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FIGURE 2a: Nucleotide sequence of clone L4 

10 20. 30 40 50 60 .70 . 80 

Dde l -TICATrnrjOTAAG^ 
(-1200)- PAGTMW&MKn^^ 

90 100 110 120 130 140 150 160 

TITn^GAAlIAH^AXriAXrrA^^ 

— ■/_;'^__ r - ^AAAMIOTAAIOTAA^^ 

170 180 190 200. 210 220 230 240 

GcoRI 

250 260 270 280 290i 300 310 320 

GiT/tnrixnGiTrrriACi^^ 

330 340 350 360 370 330 390 400 

410 420 430 440 450 460 470 480 

r' Start of Transcription 
530 . 540 550 560 

Ddel 

570 580 590 1 600 610 620 630 640 

TrrnMmADacMarxKTTC 

Exon 1 Intronl 

650 T__ '70 680 690 700 710 720 

Hincll 

730 740 | 750 760 770 780 790 800 

810 .820 830 840 850 860 870 880 

CTCT\AAATICAlA/aT ^^ 
QOITrEMgffllB^ 

890 9 00 9 10 920 930 940 950 960 

970 980 990 1003 1010 1020 1030 1040 

1050 1050 1070 1090 1090 1100 1110 1120 

V'/:.'. AAAnOGTIGEAAAAATlIATEfllAOCIft^^ 
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FIGURE 2a: Nucleotide sequence of clone L4 



1130 1140' 1150 1160 1170 1180 . 1190 1200 
. TmTfllAOJlWmiltA l^ 

1210 1220 1230 1240 1250 1260 1270 1280 

1290 1300 1310 1320 1330 1 340 13 50 1360 

TAGCAAAiamrncrrn^^ 

Exon 2 

1370 1380 1390 1400 1 410 1420 J* 1430 1440 

1450 1460 1470 . 1480 1490 150 0 15 1 0 1520 
lntron2 

1530 1540 r 1550 1560 1570 1580 1590 1600 

asrrcimiGACAmi^^ 

1610 1620 1630 . 1 640 1 650 1660 1670 1680 

1690 1700 1710 1720 1730 1740 1750 J760 

. 1770 1780 1790 1800 1810 1820 1830 1840 

1850 1860 1870 1880 1890 1900 1910' 1920 

1930 1940 1950 1960 1970 1 960 1990 2000 

2010 2020 2030 2040 2050 2060 2070 2090 

TrrDuaria]HaraA/^^ 

_Exon3 

2090 2100 2110 212D 2130 2140 ~~ 2160 
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2170 2180 2190 2200 2210. 222 0 2230 2240 
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FIGURE 2a: Nucleotide sequence of clone L4 

2250 2260 2270 2280 . 2290 2300 2310 2320 

2330 2340 2350 2360 2370 2380 2390 2400 

' SStl , ^ , ^ — - 

2410 2420 J2430 2440 2450 2460 2470 2480 

TDmocAAAGrrriGQa^aflcrc 



EP 0 329 308 A2 



FIGURE 2b: Nucleotide sequence of clone L19 
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FIGURE 2b: Nucleotide sequence of clone L19 
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Figuri 3 
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